





Section I—Air and Fallout 


GROSS BETA ACTIVITY IN AIRBORNE 
PARTICULATES AND PRECIPITATION 


Continuous surveillance of gross beta ac- 
tivity in air and precipitation provides one of 
the earliest and most sensitive indications of 
changes in environmental fission product activ- 
ity. Although this surveillance does not pro- 
vide enough information to assess human 
radiation exposure from fallout, it is used as 
an alerting system for determining when to 
intensify monitoring in other phases of the 
environment. 

Surveillance data from a number of national 
programs are published monthly and summar- 
ized periodically to show current and long- 
range trends of atmospheric radioactivity in 
the Western Hemisphere. Data provided by 
programs of the Public Health Service, the 
Canadian Department of National Health and 
Welfare, the Mexican Commission of Nuclear 
Energy, and the Pan American Health Organi- 
zation are presented individually in tabular 
form. 


1. Radiation Surveillance Network 
June 1965 


Division of Radiological Health 
Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Surveillance Network (RSN) of the PHS Divi- 
sion of Radiological Health which regularly 
gathers samples from 75 stations distributed 
throughout the country (figure 1). Most of the 
stations are operated by State health depart- 
ment personnel. 


October 1965 


The alerting function of the network is pro- 
vided by field estimates of the gross beta ac- 
tivity of airborne particulates on the filters. 
These determinations are performed about five 
hours after the sampling period to allow for 
decay of naturally-occurring radon daughters. 
The network station operators report (by tele- 
phone) field estimates greater than 10 pCi/m® 
(except for Hawaii, Alaska, and Puerto Rico, 
which report 5 pCi/m*) to the Radiation Sur- 
veillance Center, Division of Radiological 
Health, Washington, D.C. Field estimates and 
laboratory measurements of daily concentra- 
tions and the estimated ages for selected sam- 
ples are reported in the monthly RSN report 
(1). When unusually high air levels are re- 
ported, appropriate Federal and State officials 
are promptly notified. 


Sampling 


Airborne particulates are collected continu- 
ously on carbon-loaded cellulose dust filters 4 
inches in diameter. About 1,800 cubic meters 
of air are drawn through a filter during the 
24-hour sampling period. The filters are for- 
warded to the RSN laboratory in Rockville, 
Maryland, where the gross beta activity is 
measured 4 days after the sampling period and 
again 7 days later if the net count rate is 2,000 
cpm or higher. By using the two counts and 
the Way-Wigner formula (2), the age of fission 
products is estimated and the activity at time 
of collection determined. 





1If a sample contains a mixture of fresh and old 
fission products, the age estimated by the Way-Wigner 
formula is some intermediate value; consequently the 
calculated age of the fresh component will be over- 
estimated. 
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Stations Not Shown 
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@ San Juan, Puerto Rico 
@ Ancon, Canal Zone 













hina Aten 9 Wa 

f mel 

; ; Lansi GBuffalo candi 
oe New York ©7 ‘Hartford 


, @ 
lowa City, Harrisburg® __¢, Trenton 
Indianapolis ecolymbus 7, ey Dover _ Baltimore 
© Berkel Springfield ) © \eCincinnati aly Rockwille 
“*< Topeka ® ° Charleston Richmond Washington, D.C. 
elas Vegas Jefferson City Frankfort 
r Noshvilles 7 Gastonia 
a — columbia 


@ SAMPLING STATIONS 


nesvill eA 







rn ne wn wn ww wm em mee eer wea 
! efoint Barrow 
© Montgomery ' 
' 
~ “7 “\ Jacksonville : ALASKA 
1 
* @f airbanks 
eMiomi | 
do vgAdak ® kodak 





ce »—lcmom 





Figure 1. Radiation Surveillance Network sampling locations 


The total precipitation is sampled continu- 
ously at most RSN stations on a daily basis, 
using funnels with collection areas of 0.4 square 
meter. If the rainfall exceeds 0.02 inch, the 
precipitation sample is analyzed for gross beta 
activity (1). Additionally, analyses for specific 
radionuclides may be performed. 

In the laboratory, the gross beta activity in 
evaporated precipitation samples is calculated 
by the same method used for analyzing the air 
filters. Total deposition for the sample is calcu- 
lated by: 


where D is the deposition in nCi/m?, C is the 
concentration in pCi/liter, and P is the depth 
of precipitation in mm. The individual values 
of deposition and depth of precipitation are 
totaled for the month. 

Selected air and precipitation samples are 
analyzed by gamma spectroscopy to determine 
the presence of fresh fission products. This 
method discussed by Burrus (3) and Covell (4) 
was adapted for resolving the complex gamma 
spectra. 
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Results 


Monthly values of gross beta activity in air, 
total deposition and depth of precipitation are 
given in table 1 for June 1965. Time profiles of 
gross beta activity in air for eight stations are 
shown in figure 2. 

Five air samples contained gross beta activi- 
ties greater than 5 pCi/m’; these were: 





Activity at 

collection 

Location Date (pCi/m*) 
El Paso, Texas June 1 7.8 
June 2 5.6 
Phoenix, Arizona June 2 6.7 
Las Vegas, Nevada June 1 9.5 
June 2 6.7 


Of the 1,903 air samples and 357 precipita- 
tion samples collected during June 1965, 266 
air samples and one precipitation sample were 
analyzed by gamma spectroscopy. All of these 
contained the fresh fission products ‘*°BaLa, 
*ZrNb, ?* Ru and 7*!Ce at low levels. In addi- 
tion, long-lived radionuclides, including ***CePr, 
137Cs, and 1°*RuRh, were present. 
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% Table 1. Gross beta activity in surface air and precipitation, June 1965 
Air surveillance Precipitation measurements 
NS . 
Station location Number of Gross beta activity, pCi/m? 
samples — Fm 4 Total . 
profile ep eposition 
gs in RHD (mm) (nCi/m?*) 
Air | Pptn| Maximum Minimum Average * 
Ala: EEE ONL A OE OE 30 10 1.62 <0.10 <0.53 | May 65 100.9 <20.5 
Alaska: PE tet neninnnsccepatiunbeagpadiiatt 27 0.17 <0.10 <0.11 | Sep 65 NS 
EER IEEE 29 7 0.32 <0.10 <0.14 | May 65 21.9 <4.6 
| EI SEE er 25 0.33 <0.10 <0.14 | Dec 64 NS 
EERE LS PATI Be F 21 5 0.56 <0.10 <0.21 | Jun 65 26.3 <6.9 
Ns tik: mbaekhi cada enaeouihaaiiol 20 “ 0.43 <0.10 <0.15 | Jul 65 91.7 <18.4 
ESET RSS EA SEE 14 0.21 <0.10 <0.12 | Aug 65 NS 
EE ee NS Feb 65 
Gs kg winnie haineneleuees 30 0.25 <0.10 <0.13 | Jan 65 NS 
sO (Rae eee 29 0.29 <0.10 <0.11 | Mar 65 NS 
Ariz: EE a a ee Te 29 6.67 0.20 1.60 | Jul 65 NS 
Ark: OE PEI IIE OTS FE: 26 5 1.36 0.15 0.70 | Jun 65 57.5 <12.4 
> af Calif Ne io Wah ainiaiadid waning aah 28 0.39 <0.10 <0.23 | Aug 65 NS 
ON a et 1.32 0.18 0.38 | Feb 65 NS 
C.Z a a SN ae NS Aug 65 
Colo Sa rs a eS a ane EER 27 4.30 0.19 1.03 | Aug 65 69.8 <17.0 
Conn: OO OE CORT EEE EE 30 1.03 <0.10 <0.46 | Jul 65 37.2 <8.5 
Del: AER, SEE A Re OA EET: 22 0.79 0.16 0.44 | May 65 NS 
D. C: I ag ot nngcne cea ees 27 5 0.91 0.14 0.50 | Feb 65 25.8 “7.3 
Fla: PR. sschedcuddsebedwamukeniadl 28 10 0.76 <0.10 <0.31 | Jun 65 221.5 <44.4 
EG witkdiedituivhdadedaacndusiamecats 23 9 1.62 <0.10 0.44 | Jul 65 215.0 <43.1 
Ga: EI Pee ee SITET SN Soy ST 4 0.94 0.62 0.81 | Apr 65 NS 
Guam: ih ais 6d Gen ealn esi a nie nee 28 4.45 <0.10 0.55 | Apr 65 NS 
Hawaii RN a uxswark inal ad enhapn weet wens ae 30 2 0.66 <0.10 <0.27 | Dec 64 18.0 <5.6 
Idaho: NRE SS REO CE, 28 4 2.22 0.21 0.72 | Dec 64 25.0 <8.1 
1: ES eae ae 29 6 1.03 0.22 0.60 | Feb 65 101.2 <20.3 
Ind: ELAN EOL REE ee 22 4 1.11 0.15 0.58 | Apr 65 59.8 <15.3 
| Iowa: a eel 30 6 1.12 0.22 0.60 | Aug 65 78.6 <15.1 
Kans: Nis a Bhe 46 ty cacniamustdraigineaininlat 26 9 1.87 0.12 0.70 | May 65 208.6 <56.3 
Ky: | EEE SEPIA ey eae 26 7 1.58 0.25 0.71 | Feb 65 37.1 <8.5 
La eT SE ob ocucsccuencaduendaunede 30 10 2.21 <0.10 <0.53 | Feb 65 131.3 <27.9 
Maine: Ee eR ee ELT ee 30 9 1.60 <0.10 0.57 | Mar 65 57.0 <12.9 
I aati ase lab aihnesag tatiana 22 7 1.27 0.12 0.50 | Aug 65 49.9 <10.7 
Md: os ods 5 oo ae eis eaasagaanacniectalacanni ail 22 3 0.89 0.15 0.52 | Jul 65 30.0 6.4 
ESSER NEP ee eS Leer 10 1.00 0.25 0.49 | Jan 65 NS 
Mass EE EE eS ae 29 7 1.34 <0.10 0.59 | May 65 65.9 <22.2 
RII ech dries shthab ional sk acai 28 9 1.17 <0.10 <0.49 | Sep 65 86.6 <22.9 
Mich: Ne tien gine wens ANaig oe EEe 29 9 1.40 0.15 0.60 | Jan 65 56.9 <12.2 
, Minn: I oss tates aes th tach ona ned eminent 21 8 0.89 0.27 0.49 | Apr 65 152.9 <48.8 
ur, Miss: Rit Sanit adeeiinas baer aia knine 29 3 1.90 <0.10 0.75 | Dec 64 33.2 <9.5 
eg ci a aot es patenmesareary-e el 13 2.14 <0.10 0.71 | Sep 65 
are Mo: PD aniwestdnssvicncecsaawsens 30 8 1.33 0.13 0.66 | Apr 65 168.0 <48.1 
of Mont: I ian ini scciicaanmncinsodauliieal 30 10 2.25 <0.10 0.85 | Sep 65 70.7 <16.7 
Nebr: RS Ses 17 1 1.40 <0.10 <0.46 | Mar 65 29.8 <6.0 
are Nev L 22 9.49 0.18 1.82 | Jun 65 NS 
N. 22 ae <0.10 0.72 | Feb 65 NS 
N.J 29 3 1.05 <0.10 0.52 | Mar 65 12.0 <2.4 
Vl- N. Mex 25 10 2.59 0.11 0.70 | Sep 65 57.9 <15.6 
N. 21 9 1.29 <0.10 <0.59 | Apr 65 36.1 <7.2 
24 1.62 <0.10 0.67 | Aug 65 NS 
30 1.27 <0.10 0.44 | Sep 65 N 
N.C 29 8 0.98 <0.10 <0.37 | Aug 65 127.1 <25.4 
at N. Dak 27} 1 1.13 0.12 0.61 | Jan 65 87.2 <22.1 
n Ohio 14 0.69 0.14 0.39 | May 65 NS 
3 28 7 1.75 0.31 0.85 | Mar 65 25.2 <7.0 
) 30 8 1.83 <0.10 0.69 | Jul 65 96.3 <20.4 
— Okla Oklahoma City_-__-_ ~~. 28 1.58 0.13 0.61 | Jan 65 NS 
ERR RIS PROT EE ORY ere 28 11 1.14 <0.10 <0.34 | Oct 65 121.4 <27.1 
Ore ee eee eae eee ee ee 28 4 1.02 0.17 0.45 | Mar 65 16.2 <3.3 
Pa Harrisburg 30 2 1.79 0.13 0.48 r 65 27.6 7.5 
re mt ae 29 4 1.25 <0.10 0.46 | Mar 65 143.2 <28.6 
R. I: Providence 28 5 1.01 <0.10 0.53 | Jan 65 48.0 <10.6 
8. C: Columbia_- ---- 25 12 0.66 <0.10 <0.30 | Sep 65 212.3 <44.2 
8S. Dak SR ee res sued 30 6 1.77 0.20 0.59 | Jul 65 22.8 <9.5 
Tenn III ahd tain es we bo ig elsite severe ee 30 10 1.35 <0.10 0.52 | Jan 65 87.8 <29.1 
ex itch cadanuibivecdd eh enwdeaueeene 30 5 1.54 <0.10 <0.50 | May 65 39.7 <8.3 
Se. SE 27 2 7.79 0.13 1.17 | Jan 65 13.2 <3.4 
Utah: eee eae a 29 8 4.85 <0.10 1.70 | Feb 65 133.3 <33.9 
ta- Vt: Ae SRE: 26 8 1.33 <0.10 0.57 | Jun 65 81.0 <20.2 
66 Va: 2 PEE. Ae 30 9 0.81 <0.10 0.42 | Jun 65 95.1 <20.3 
- 
Wash: No cienke deka kee ca muse 29 3 0.51 <0.10 0.24 | May 65 11.1 4.9 
ere nisin neiananini cena aieadmmaiiads 30 1 1.44 0.11 0.62 | Apr 65 13.2 <2.6 
W. Va: EERE SN EON IE. 28 7 0.94 0.12 0.50 | Sep 65 54.7 <16.4 
ese Wis: 2. 0c ete ocnskeeawees aoe 30 6 1.13 0.18 0.47 | Jun 65 38.6 <12.0 
La Wyo: EE SEPT Ne rk 29 8 3.75 0.20 1.02 | Jun 65 98.2 60.4 
ai . ce ae I 1,903 | 357 9.49 <0.10 <0.56 74.6 <18.5 
1- 
Pr ® The monthly average is calculated by weighting the individual samples with the length of sampling period. Values of <0.10 are assumed to be 0.10 
’ for averaging purposes. If the <0.10 values represent more than 10 percent of the values used in the average, a less-than sign is placed before the average. 
> If any individual precipitation samples have activity concentrations under 200 pCi/liter, a ‘less than’’ sign is placed before the total deposition value. 
¢ For the network summary, all averages are arithmetic means of station averages. 
Key to symbols: NS, no sample collected. Blank indicates no report received. 
ata October 1965 527 
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Figure 2. Monthly and yearly profiles of beta activity in air— 
Radiation Surveillance Network, 1959-June 1965 
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2. National Air Sampling Network 
Second Quarter 1965 


Division of Air Pollution 
Public Health Service 


The necessity of having basic data on the 
nature and extent of air pollution throughout 
the United States led to the organization of the 
National Air Sampling Network (NASN) in 
1953. The NASN analyzes air samples for the 
total quantity of suspended particulate matter, 
benzene-soluble organic matter, and gross beta 
radioactivity. Selected samples are also ana- 
lyzed for nitrates, sulfates, and a number of 
metals. The resulting data aid in the detection 
of trends in levels of pollution with respect to 
time, location, population density, climate and 
other factors. 


Gross beta activity in air 


NASN stations (figure 3) are manned by 
cooperating Federal, State and local agencies. 
The current basic network consists of 110 sam- 
pling stations which operate every year in 73 
large cities and 37 nonurban areas. In addition, 
there are stations in 130 cities which operate 
every other year. Thus, the NASN consists of 
240 sampling stations, 175 of which are active 
in any given year. 

Continuous 24-hour samples of suspended 
particulate matter are taken at each station. 
The samples, representing approximately 2,000 
cubic meters of air, are collected on glass-fiber 
filters on a biweekly random sampling schedule. 
They are sent for analysis to the Network 
laboratory at the Robert A. Taft Sanitary Engi- 
neering Center in Cincinnati, Ohio. Second 
quarter 1965 gross beta activities in air are 

given in table 2. An annual summary for 1964 
was presented in the April 1965 issue of 
Radiological Health Data (5). 
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Figure 3. National Air Sampling Network stations 
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Table 2. Gross beta activity in surface air, NASN, second quarter 1965 


(Concentrations in pCi/m°) 





Station Name 


Maxi- 
mum 


Mini- 
mum 


Average 


Station Name 


Number 


é 
gm 
8 


Mini- 
mum 


Average 





Ala: 


Alaska: 
Ariz: 


Ark: 
Calif: 


Colo: 


Conn: 


Del: 


D. C: 
Ga: 
Hawaii: 
Idaho: 


Ill: 


Ind: 


Maine: 
Md: 


Mass: 


Mich: 


Minn: 
Miss: 
Mo: 


Mont: 
Nebr: 


Nev: 


N. H: 
N. J: 


Birmingham------------ 
Huntsville____.___._-__- 
Montgomery --_-_-------- 
Anchorage--.-..---.------ 
Grand Canyon Park 4____ 
Paradise Valley *_____--_- 
0 Se 
(a eee 
Little Reek............. 
Montgomery County ®__- 
RSE SRR 
Humboldt County ®_ ---- 
eS eee 
Los Angeles______._---- 
eens 
DNR sce temecccuwe 
San Francisco__--_-_------ 
SE ee 
Montezuma County *---- 
See 
New Britein............ 
New Haven------------ 
I ab ta too daha aes fe 
Waterbury 


| Kent County *.____-___- 


_ _ ___ +a ee. 
Winmnete®............. 
Weemetom........<.... 
Atlanta 


a a 5 ea waves sed 
es 
Bast St. Lowis.......... 
Sa eee 
North Chicago---------- 
Sn pale aa Gud 
as war guia 
East Chicago. _...------ 
ES EIT: 
Indianapolis------------ 
Parke County ®___-_-_--- 
"Sse 
Beverly Shores_--------- 
Dunes Police Post No. 1-_- 
Dunes State Park_-_-_-_-_-_- 
Ogden Dunes_-_--_------- 
OES EEE 
weare mete. ........... 
Cedar Rapids_-_-_-__---- 
Delaware County ®__-_--- 
Des Moines 


Lexington 
Louisville 


Acadia Nat'l. Park ®___- 

FEE eee 
ESS ee 
Calvert County *_._____- 
od nial gen ards 
EN ae 
a 


EEE NT CEES: 
Jackson County * 
Kansas City 
St. Louis 
Shannon County ®______- 
Glacier Nat'l. Park 8____- 


Thomas County * 
Las Vegas 
White Pine County ___-_ 
ASS ee 
Coos County * 
| Sear 
ESE ES 
Pemberton 
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Wash: 
W. Va: 
Wis: 


Wyo: 


' EEE eer 


Newark 


ees 
Perth Amboy 
ee 
Albuquerque-_-----_----- 
Rio Arriba County ®-__-_-- 
Cape Vincent *__.____--_- 
New York City______--- 
CPOSIOSS. . on one sae 
Cape Hatteras *________- 
[SSeS 
Cincinnati 
Cleveland 
Columbus 


eae 
Cherokee County ®--_--- 
Oklahoma City --_------- 
Tulsa 
Curry County ®_____-_-- 
i cael 
Medford 
Portland 


ee 
Embreeville____..._-_-- 
Clarion County * 


ee 
Se 
ss is bees ecivai ala 
Philadelphia 
Pittspurgn ............ 
a na a nigh eases 


Bayamon 


rs a la a a 


East Providence - - ----- 
PUOUIGOROS. ......<n066-- 
Washington County *__-_- 
Charleston_____.___-_-- 
Richland County ®_- ---- 
Spartanburg____.__-.-_-- 
Black Hills Forest 4___-_- 
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3. Canadian Air and Precipitation Monitoring’ 
June 1965 


Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors air and precipitation in con- 
nection with its Radioactive Fallout Study Pro- 
cram. Twenty-four collection stations (figure 
4) are located at airports, where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fall- 
out program are contained in reports of the 
Jepartment of National Health and Welfare 
(6-10). 


Air sampling procedure and results 


Each air sample involves the collection of 
particulates from about 650 cubic meters of 
air drawn through a high-efficiency 4-inch di- 
ameter glass-fiber filter during a 24-hour period. 
These filters are sent daily to the Radiation 
Protection Division Laboratory in Ottawa. 

For analysis purposes a 2-inch diameter disk 
is cut from each filter and counted with a thin- 
end window, glass-flow, Geiger-Mueller counter 
system calibrated with a_ strontium—90— 
yttrium-90 standard. Four successive measure- 
ments are made on each filter to permit correc- 





2 Prepared from information and data in the July 
1965 monthly report, “Data from Radiation Protection 
Programs,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 
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tion for natural activities and for the decay of 
short-lived fission products. The results are 
extrapolated to the end of the sampling period. 
Canadian air data for June 1965 are given in 
table 3. 


Precipitation collection and analysis 


The amount of radioactive fallout deposited 
on the ground is determined from measure- 
ments on material collected in special polyethy- 
lene-lined rainfall pots. The collection period 
for each sample is one month. After transfer 
of the water to the sample container, the poly- 
ethyl&he liner is removed, packed with the 
sample, and sent to the laboratory. 

Strontium and cesium carriers are added to 
all samples on arrival at the laboratory. Other 
carriers are added to selected samples accord- 
ing to the specific radionuclides to be deter- 
mined. The samples are then filtered and the 
filtrate evaporated to near dryness. The filter 
paper containing insoluble matter, together 
with the polyethylene liner, is then ignited and 
ashed at 450°C. The ash is combined with the 
soluble fraction, transferred to a glass plan- 
chet, evaporated under an infrared lamp, and 
then counted with a thin-end window, Geiger- 
Mueller counter calibrated with a strontium-—90 
—yttrium-90 source. Gross beta activities in 
precipitation for June 1965 are given in table 3. 

The monthly precipitation samples represent 
the total deposition of radioactive materials on 
the earth’s surface. Where the June 1965 gross 
beta deposition is given in table 3, the deposi- 
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tion of selected radionuclides per unit area is 
given in table 4 for the period January through 


June 1965. A review and discussion of fallout 


levels in Canada during 1964 
sented by Booth, et al. (11). 






































Table 3. Canadian gross beta activity in surface air and precipitation, June 1965 

Air surveillance Precipitation 

measurements 

Station 
Number Average Total 
of Maximum Minimum Average concen- deposition 
samples (pCi/m?) (pCi/m!$) (pCi/m$) tration, (nCi/m?) 
(pCi/liter) 

RN ag ligt one wanes 30 3.2 0.1 4% 240 40.8 
Coral Harbour............. 30 0.2 0.0 0.1 369 0.9 
I dash iad hte ome psi an 30 2.4 0.1 0.7 114 21.7 
io =a 30 0.9 0.0 0.2 443 6.2 
Lk ee eee 30 i 0.1 0.5 255 20.5 
oe eee 30 1.8 0.0 0.6 105 4.5 
 ) ea 30 3.2 0.0 0.3 160 22.9 
i SS Vee 30 0.8 0.0 0.4 66 6.9 
SRE Seer ae 30 1.9 0.0 0.4 381 8.0 
ore ae 30 3.6 0.1 0.8 415 Tet 
SE er 30 1.5 0.0 0.3 398 12.7 
Sea 30 3.3 0.0 . 0.7 567 10.3 
ee nae” 29 3.2 0.1 0.6 301 14.6 
NS SON a. by sisi ae ldce alae cebao se 30 2.6 0.1 1.0 192 24.2 
Ne cn toa craic te aan 27 0.2 | 0.0 0.1 52 1.4 
St. John’s, Nfid......-.---- 28 2.5 | 0.0 0.5 137 9.5 
EE ae 28 0.8 | 0.0 0.3 83 8.4 
Sault Ste. Marie. ......-.-- 25 1.5 | 0.1 | 0.5 196 17.6 
. | “ey ee 29 1.8 | 0.1 | 0.5 159 6.8 
Vancouver_--_------------ 30 1:6 | 0.1 | 0.4 353 4.7 
SS ee 30 1.9 0.0 | 0.3 324 4.7 
Se 30 2.3 0.1 | 0.9 172 7.3 
_ aap aS seat 30 2.8 | 0.1 0.6 288 17.3 
cE ee ee | 17 bo | 0.0 | 0.4 334 11.7 
Network summary - - - -- ---| 3.6 | 0.0 | 0.5 254 12.1 





Table 4. 


Radionuclide deposition (nCi/m?) in Canadian fallout, January-June 1965°* 


has been pre- 




































































Strontium-8 | Strontium-90 Cesium-137 Zirconium-95 | Barium-140 
Station pe DS ee ee eS ee eee me 8 Sle) ee eee 
| May | June} Jan Feb Mar | Apr | May | June | Jan Feb | Mar | Apr | May | June | May | June | May | June 

oan. ee Se ees 2 Se ee, Oe ee ee ES ee eee, eee eee ae eee ae, ae 
Calgary | 0.20 | 5.06 | 0.06 | 0.13 | 0.16 | 0.24 | 0.53 | 2.46 | 0.13 | 0.23 | 0.28 | 0.41 | 0.92 | 3.01 | 0.10 | 2.22 | 0.67 4.07 
Coral Harbour | 0.00 | 0.10 | 0.11 | 0.06 | 0.11 | 0.07 | 0.23 | 0.00 | 0.19 | 0.12 | 0.19 | 0.16 | 0.54 | 0.03 | 
Edmonton | 0.97 | 2.48 | 0.17 | 0.15 | 0.06 | 0.30 | 0.98 | 1.05 | 0.22 | 0.23 | 0.13 | 0.56 1.74 1.65 
Ft. Churchill | 0.00 | 0.80 | 0.06 | 0.15 | 0.03 | 0.14 | 0.29 | 0.40 | 0.10 | 0.10 | 0.13 | 0.23 | 0.65 | 0.60 
Ft. William. - | 9.30 | 2.32 | 0.07 | 0.32 | 0.25 | 0.57 | 1.10 | 1.56 | 0.15 | 0.55 | 0.33 | 0.80 | 1.81 | 1.74 
Fredericton 0.56 | 1.42 | 0.21 0.20 | 0.06 | 0.44 | 0.55 | 0.7 |} 0.33 | 0.52 | 0.16 | 0.68 | 1.10 | 1.20 
Goose Bay |; 0.10 | 2.48 | 0.29 | 0.16 | 0.19 | 0.10 | 0.36 1.51 | 0.26 | 0.27 | 0.22 | 0.65 | 0.59 | 2.00 
Halifax | 0.96 | 1.17 | 0.60 | 0.24 | 0.18 | 0.62 | 0.62 | 0.43 | 1.72 | 0.62 | 0.48 | 0.76 | 1.16 | 0.64 | 0.12 | 0.22 | 1.72 0.87 
Inuvik | 0.00 | 0.80 | 0.06 | 0.03 | 0.11 | 0.16 | 0.28 | 0.41 | 0.16 | 0.11 | 0.19 | 0.20 | 0.45 | 0.75 : 
Montreal | 0.99 | 0.76 | 0.26 | 0.24 | 0.12 | 0.39 | 0.61 | 0.36 | 0.42 | 0.44 | 0.21 | 0.69 | 0.98 | 0.67 1.45 | 0.58 3.20 0.69 
Moosonee | 1.95 | 1.83 | 0.09 0.04 | 0.04 | 0.17 | 0.84 0.51 0.15 | 0.08 | 0.12 | 0.46 | 1.34 1.05 
Ottawa | 0.33 | 0.85 | 0.15 | 0.13 | 0.06 | 0.56 | 0.49 | 0.45 | 0.35 | 0.54 | 0.20 | 0.75 | 0.75 | 0.61 
Quebec | 1.03 1.41 | 0.26 | 0.53 | 0.28 | 0.33 | 0.87 | 0.88 | 0.62 | 1.40 | 0.57 | 0.93 | 1.53 | 1.19 
Regina 1.39 | 2.03 | 0.04 | 0.12 | 0.14 | 0.29 | 0.76 | 1.58 | 0.11 | 0.25 | 0.25 | 0.58 | 1.49 1.94 
Resolute | 0.00 | 0.24 | 0.06 0.32 | 0.11 | 0.00 | 0.05 | 0.00 | 0.15 | 0.50 | 0.20 | 0.00 | 0.10 NA 
St. John's, Nfld | 0.35 1.25 | 0.48 | 0.27 | 0.63 | 0.70 | 0.61 | 0.63 | 0.96 | 0.35 1.12 | 1.07 | 0.93 | 0.88 

| | 

Saskatoon | 1.23 | 1.61 | 0.04 | 0.05 | 0.07 | 0.15 | 0.55 | 1.00 0.12 | 0.07 | 0.18 | 0.36 | 1.30 | 0.74 
Sault Ste. Marie | 0.57 | 99 0.24 | 0.14 | 0.06 | 0.62 1.07 0.89 | 0.61 0.73 | 0.23 | 1.20 | 1.56 | 1.30 
Toronto | 0.33 | 0.57 | 0.49 | 0.45 | 0.30 | 0.77 | 0.50 0.37 | 0.97 | 0.69 | 0.50 | 1.39 | 0.96 | 0.57 
Vancouver | 0.38 | 0.44 | 0.59 | 1.16 | 0.54 | 0.77 | 0.84 | 0.18 | 0.90 | 1.78 | 1.01 | 1.23 | 1.30 | 0.37 | 2.19 | 0.26 | 1.80 0.51 
Whitehorse | 0.00 38 | 0.04 | 0.02 0.07 | 0.07 | 0.11 | 0.15 | 0.07 | 0.04 | 0.14 | 0.16 | 0.22 | 0.32 
Windsor | 3.20 78 | 0.47 | 0.28 | 0.51 | 0.73 | 0.81 | 0.31 | 1.06 | 0.40 | 0.80 | 1.18 | 1.30 | 0.37 
Winnipeg | 2.73 | 2.08 0.03 | 0.12 | 0.07 | 0.61 1.41 1.09 | 0.13 | 0.18 | 0.09 | 0.91 2.28 | 1.54 | 3.40 | 1.19 | 9.84 2.27 
Yellowknife | 0.17 77 | 0.04 | 0.02 | 0.08 | 0.05 | 0.08 | 0.90 | 0.06 | 0.06 | 0.15 | 0.20 | 0.17 | 1.23 
































_ ® Samples from all stations are routinely analyzed for *°Sr, %Sr, and !°7Cs; samples from five selected stations are regularly analyzed for Zr and !°Ba. 
Negligible results are not reported. 


NA, no analysis. 
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4. Mexican Air Monitoring Program 
June 1965 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién Na- 
cional de Energia Nuclear (CNEN), Mexico 
City. From 1952 to 1961 the network was di- 
rected by the Institute of Physics of the Uni- 
versity of Mexico, under contract to the CNEN 
(12-16). 

In 1961 the CNEN appointed its Division of 
Radiological Protection to establish a new sur- 
veillance network. This network consists of 17 
stations (see figure 5), 12 of which are located 
at airports and operated by airline personnel. 
The remaining five stations are located at 
Mexico City, Mérida, Veracruz, San Luis Potosi 
and Ensenada. Staff members of the DRP 
operate the station at Mexico City, while the 
other four stations are manned by members of 
the Centro de Prevision del Golfo de México, 
the Chemistry Department of the University of 
Mérida, the Institute de Zonas Desérticas of 
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Figure 5. Fallout network sampling stations in Mexico 


October 1965 


the University of San Luis Potosi, and the 
Escuela Superior de Ciencias Marinas of the 
University of Baja California, respectively. 


Sampling 


The sampling procedure involves drawing air 
for 24 hours a day, 3 or 4 days a week at the 
rate of approximately 1,200 cubic meters per 
day, through a high-efficiency, 6- x 8-inch glass- 
fiber filter, using high volume samplers. After 
each 24-hour sampling period, the filter is re- 
moved and forwarded via airmail to the 
“Laboratorio de Estudios sobre Contaminacién 
Radioactiva”, CNEN, in Mexico City for assay 
of gross beta activity. A minimum of 3 or 4 
days aiter collection is allowed for decay of 
radon and thoron daughter natural radio- 
activity. Data are not extrapolated back to the 
date of collection. 


Results 


The maximum, minimum, and average fission 
product beta concentrations in surface air dur- 
ing June 1965 are presented in table 5. 


Table 5. Gross beta activity of airborne particulates, 
Mexico, June 1965 





























Number Gross beta activity, pCi/m 5 
Station of 
samples 
Maximum | Minimum | Average 
DE ng cockwioncacee 4 0.3 0.1 0.2 
Ciudad Judrez_ --- 15 6.5 0.1 0.9 
OE See 27 0.9 0.1 0.2 
Ensenada. - - - - - -- 8 0.4 0.1 0.2 
Guadalajara --- ---- - ‘ <0.1 <0.1 <0.1 
NS 9 0.5 <0.1 0.2 
a ae 3 0.3 <0.1 0.2 
Matamoros. - - - - exeud 2 0.3 0.2 0.2 
IN s.tnl od avin cin ant 19 0.6 <0.1 0.3 
ae a 13 0.5 <0.1 0.1 
SS : 15 0.2 <0.1 <0.1 
Nuevo Laredo-.- - - - - - - -- 10 0.4 <0.1 0.2 
San Luis Potosi - - - -- ‘ 10 0.5 <0.1 0.3 
RE co Lakine cmon 18 0.5 <0.1 0.1 
, | ea “ 8 0.9 0.1 0.3 
Tuxtla Gutiérrez *_...._- 
oka ckcadaaedien 11 0.9 <0.1 0.2 
® Station temporarily shut down. 
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5. Pan American Air Sampling. Program 
June 1965 


Pan American Health Organization and 
Public Health Service 


Gross beta activity in air is monitored by 
five countries in the Americas under the aus- 
pices of a collaborative program, developed by 
the Pan American Health Organization and the 
Public Health Service (PHS), for assisting 
countries of the Americas in developing radio- 
logical health programs. The sampling equip- 
ment and analytical services are provided by 
the Division of Radiological Health, PHS, and 
are identical with those employed for the Radia- 
tion Surveillance Network. 

The five air sampling stations included in the 
Program are operated by the technical staff of 
the Ministry of Health in each country. The 
station in Kingston, Jamaica, is operated by the 
Public General Hospital; in Caracas, Venezuela, 
by the Venezuelan Institute for Scientific In- 
vestigations; in Lima, Peru, by the Institute of 
Occupational Health; in Santiago, Chile, by the 
Occupational Health Service; and in Trinidad, 
West Indies, by the University of the West 
Indies. 

The June 1965 air monitoring results from 
the five participating countries are given in 
table 6. 


Table 6. Gross beta activity in surface air, June 1965 
(concentrations in pCi/m*), 























| 
| Number | 
Sampling stations of Maximum |} Minimum | Average ® 
| samples 
Kingston, Jamaica_ -_-_- ; 18 0.10 <0.10 | <0.10 
Caracas, Venezucla_ --| 19 0.55 <0.10 <0.14 
SS eer 21 0.10 | <0.10 | <0.10 
Santiago, Chile__ al 26 0.13 | <0.10 <0.10 
Trinidad, West Indies  --| 18 0.49 | <0.10 <0.20 
| 
® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of <0.10 are assumed to be 0.10 


for averaging purposes. If the <0.10 values represent more than 10 
percent of the values used in the average, a less-than sign is placed in front 
of the average. 
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Section II—Milk and Food 


MILK SURVEILLANCE 


Although milk is only one of the many 
sources of dietary intake of radionuclides, it 
is the single food item most often used as an 
indicator of the population’s intake of radio- 
nuclides from the environment. This is because 
fresh milk is consumed by a large segment of 
the United States population and contains most 
of the radionuclides occurring in the environ- 
ment which have been identified as biologically 
important. In addition, milk is produced and 
consumed on a regular basis, is convenient to 
composite and analyze, and samples representa- 
t:ve of milk consumption in any area can be 
readily obtained. 


1. Pasteurized Milk Network 
June 1965 


Division of Radiological Health and 
Division of Environmental Engineering and 
Food Protection, Public Health Service 


The Public Health Service pasteurized milk 
surveillance program had its origin in a raw 
milk monitoring network (1) established by 
the Service in 1957. One of the primary ob- 
jectives of this network was the development 
of methods for milk collection and radiochem- 
ical analysis suitable for larger scale programs. 

Experience derived from this study led to the 
activation of a pasteurized milk sampling pro- 
gram with stations selected to provide nation- 
wide surveillance of milk production and con- 
sumption areas. The present Pasteurized Milk 
Network (PMN), which consists of 63 sta- 
tions, has at least one station in every State, 
the Canal Zone, and Puerto Rico. 


Sampling procedure 


Through the cooperation of State and local 
milk sanitation authorities, samples are rou- 
tinely collected at each station. The method 
specifies that each station’s sample be com- 
yosited of subsamples from each milk process- 
ing plant in proportion to the plant’s average 
sales in the community served. At most sta- 
tions the sample represents from 80 to 100 


Oetober 1965 


percent of the milk processed. Prior to Sep- 
tember 15, 1961, the composite sample was 
taken from 1 day’s sales per month and was as 
representative of the community’s supply as 
possible under practical conditions. Beginning 
with the resumption of nuclear weapons test- 
ing in the atmosphere in September 1961, and 
continuing through January 1963, samples 
were collected twice a week at nearly all sta- 
tions and daily for short periods at selected 
stations. Since then the sampling frequency 
has been reduced to once a week. 

Samples are preserved with formaldehyde 
and sent to the PHS Southwestern (SWRHL), 
Southeastern (SERHL), or Northeastern 
(NERHL) Radiological Health Laboratories 
for analysis. Gamma analyses for iodine-131 
are made within 3 to 6 days after sample col- 
lection, and any results exceeding 100 pCi/liter 
are immediately telephoned to appropriate 
State health officials for possible public health 
action. Analytical results are normally avail- 
able 6 to 7 weeks after weekly samples are re- 
ceived by the laboratories; publication in RHD 
follows 3 to 4 months after the monthly sam- 
ples are composited for analysis. 


Analytical procedures 


Iodine-131, cesium-137, and barium-140 con- 
centrations are determined by gamma-scintilla- 
tion spectrometry.' After the weekly samples 
are gamma scanned, samples from 2 consecu- 
tive weeks are composited and analyzed radio- 
chemically to determine strontium-89 and 
strontium-90. There is an inherent statistical 
variation associated with all measurements of 
radionuclide concentrations. With the low 
radionuclide levels which are usually found in 
milk and other environmental samples, this 
variation on a percentage basis is relatively 
high. The variation depends upon such factors 
as the method of chemical analysis, the sample 
counting rate and counting time, interferences 





1 Southeastern Radiological Health Laboratory em- 


ploys a radiochemical procedure for barium-140 
analysis. 
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from other radionuclides, and the background 
count. For milk samples, counting times of 50 
minutes for gamma spectrometry and 30 to 50 
minutes for beta determinations are used. 
Table 1 shows the approximate analytical 
errors (including counting error) associated 
with determinations of radionuclide concentra- 
tions in milk. These errors were determined 
by comparing results of a large number of 
replicate analyses. 


Table 1. Analytical errors associated with determinations 


of radionuclides concentrations in milk 














| 
| Concentra- | Error 
Nuclide tion | Error ® Concentration |(percent of 
| (pCi/liter) (pCi /liter) (pCi/liter) concentra- 
tion) 
Iodine-131____- less than 100 10 | 100 or greater 10 
Barium-140____| less than 100 10 | 100 or greater 10 
Cesium-137___.| less than 100 10 | 100 or greater 10 
Strontium-89__j| less than 50 5 50 or greater 10 
Strontium-90__| less than 20 2 20 or greater 10 

















® Two standard deviations 


The minimum detectable concentration is de- 
fined as the measured concentration equal to 
the two-standard deviation analytical error. 
Accordingly, the minimum detectable concen- 
trations in units of pCi/liter are: strontium— 
89, 5; strontium—90, 2; cesium—137, 10; bari- 
um-140, 10; and iodine—131, 10. At these levels 
and below, the counting error comprises nearly 
all of the analytical error. 

Calcium analyses at SERHL are done by an 
ion exchange and permanganate titration 
method, while at NERHL and SWRHL an 
ethylenediaminetetraacetic acid (EDTA) 


method is used. Stable potassium concentra- 
tions are estimated from the potassium—40 con- 
centrations * determined from the gamma spec- 
trum. 


Data presentation 


Table 2 presents summaries of the analyses 
for June 1965 (actual reporting period is May 
30 through June 26). Radionuclide values re- 
ported by a laboratory as being below the mini- 
mum detectable concentration have been aver- 
aged by using one-half the minimum detectable 
value. A modified averaging procedure has 
been used for iodine—131 and barium-140 since 
October 1963, when nondetectable concentra- 
tions of these radionuclides began to be con- 
sidered zero. A similar procedure is used for 
the network average. 

Figures 1 and 2 are isogram maps showing 
the estimated strontium-90 and cesium-—137 
concentrations in milk over the entire country. 
The value printed beside each station is the 
monthly average concentration for that sta- 
tion. The isograms were developed by arbi- 
trary interpolation between values for the 
individual stations. 

The distribution of monthly average stron- 
tium—90 concentrations as observed in pasteur- 
ized milk for January through June 1965 is 
presented in table 3. The maximum monthly 
average concentration of strontium—90 was 48 
pCi/liter, observed at Minot, North Dakota. 
This level is within the lower half of Range II 





2 The conversion factor is 1.18 milligram, K/pCi4°K. 
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Figure 1. Strontium-90 concentrations in pasteurized milk, June 1965 
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con- | Table 2. Average concentrations of stable elements and radionuclides in pasteurized milk, second quarter 1965 and June 1965 * 

pec- , 3 , = : 

Calcium Strontium-89 Strontium-90 Cesium-137 Iodine-131 
a ene (g/liter) (pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
ampling locations 
Second | Average | Second | Average} Second | Average| Second | Average} Second | Average 
quarter | for June | quarter | for June} quarter | for June| quarter | for June} quarter | for June 
YSeEs ff Ala: RIE ci xs wmapicnine wemnd Eten eed 1.17 1.14 <5 5 18 15 55 50 0 0 
Sieh * Hn dssccse dascccseecktepiontemcnedten 1.22 1.23 <5 <5 20 21 65 50 0 0 
May Ariz: EERE BS 5. Ra ee ane ee 1.21 1.23 <5 <5 5 4 20 20 0 0 
Ark: RF ALE 1.15 1.15 5 10 38 36 70 70 10 20 
3 re- § Calif: SAL SF PE RS 1.25 1.25 <5 <5 8 7 35 25 0 0 
“ee ies PNOD. . cna ccachccawschekieseaee 1.26 1.27 <5 <5 11 9 35 20 0 0 
Alni- §C. Z: oe ear ee 1.10 1.08 <5 <5 4 3 35 30 0 0 
iver- | Colo: 0 ee ee ear 1.33 1.33 <5 <5 19 17 70 65 0 10 
Conn: 0 aise ree ae 1.11 1.10 <5 <5 15 16 75 60 0 0 
cable Del: IED LE CIES” 1.14 1.12 <5 5 19 21 70 65 0 10 
D.C: Washington-__-__-_- ih octane atta a eee aigll 1.15 1.10 5 10 17 16 55 55 10 20 
has Fla: ME ancane beovecccnheseneaceinnes ai pas 1.16 1.14 <5 <5 12 11 175 170 0 0 
since | G:: i odadinvicchtnnnwainegtagtinnite 1.15 1.16 <5 5 29 24 85 70 0 10 
_— j === ieee See.“ 1.23 1.27 <5 <5 10 8 55 45 0 0 
itra- § Idaho: 7 RIERA: AI Shr 1.27 1.30 <5 <5 20 22 95 90 10 20 
Ili: | EE er Rr 1.13 1.11 <5 <5 17 18 75 10 20 
con- J In SING du sasovanethatidcvuciiuteved 1.15] 1.12 5 10 19 19 55 40 10 40 
{ for Iowa: SEE OT ETE TO ET 1.26 1.26 10 20 23 22 55 40 20 40 
Kans: To os a: dah ik ea lgichins drbn a eenaeanaaa NN 1.25 1.22 <5 5 18 18 50 50 10 20 
Ky: eae sre ee 1.15 1.13 5 15 24 22 45 35 10 30 
La: rr ee een meadewn eel 1.20 1.18 5 15 42 37 80 70 10 20 
wing Maine as a tie arin cia eben eet 1:17 1.11 <5 5 21 20 125 100 0 10 
—137 Md EEO LOT PORE POE AED 1.14 1.12 5 10 19 19 60 55 10 20 
Mass lt A SE SIT PERS SSA EY. 1.13 1.12 <5 5 22 21 125 90 0 0 
ntry Mich 7 ES ae eee aa 1.13 1.11 <5 5 17 15 75 50 10 20 
‘3 OS eS 1.16 1.13 <5 5 19 20 80 65 10 20 
» the Pyinn ee... o cen0sasdnsnacnanseoeans 1.29] 1.32 10 25 28 33 90 75 20 60 
sta- Miss: ee eee ee eee eee 1.18 1.18 5 10 34 30 55 55 0 10 
Mo: Sar as a ee ae 1.25 1.28 10 25 22 20 45 40 30 60 
arbi- RE Re. Sl ae ee 1.20 1.06 5 10 19 18 45 35 20 40 
Mont: | EIST ESSE, SSE ER See 1.28 1.22 <5 <5 20 19 95 75 10 0 
the Nebr a a ee india eel 1.19 1.15 5 15 21 21 50 45 20 40 
Nev: TI id ie oe eee alee aerial 1.28 1.28 <5 5 7 4 40 30 10 20 
N. H: EE RE ens Pe ee 1.15 1.13 <5 <5 25 26 150 125 0 0 
tron- N. J: a ae lla Sone 1.10 <5 <5 16 16 70 55 0 0 
N. Mex: Albuquerque- ------ LEE LE PEROT TOE 1.23 1.17 <5 <5 11 10 35 20 0 0 
teur-F\ y a ne ln ol a 1.10} 1.10 <5 <5 17 16 95 55 0 0 
35 is New York =o SONI ru] iio} sb) <s/ | | go} |g} a 
Ee mes See ea . <5 <5 

nthl N.C: ERE EEL SE GE Sees Ss ee 1.20 1.18 5 10 27 23 65 60 0 10 
Tenn ideal 1.27 | 1.30 10 20 57 48 120 120 10 20 
AS 48 Ohio: i 1.13 1.12 <5 5 18 18 50 35 10 20 
k ta a eaidemin eal 1.13 1.10 5 10 20 20 75 55 10 20 
KOTa, Okla: Pn... J cnsxdnchuceswewseumeus 1.12 1.08 5 15 20 19 45 45 10 30 
Il Ore: a oe sm aeuibicl ised 1.30 1.28 <5 <5 24 22 90 85 0 0 
ge Pa: aad 1.13] 1.12 <5 5 19 18 65 50 0 0 
I a: cin as le wes Sat. i sw i 1.14 1.12 5 10 25 25 95 70 10 20 
Ci49K. fp. rk EAE EI a) oe ES aS 1.12 1.1} <5 5 11 10 50 50 0 10 
R. I a ae ea 1.12 1.12 | <5 5 20 23 95 80 0 0 
8. C: IE DEE a ee 1.16 Sen <5 5 27 24 100 85 0 10 
S. Dak: CE id cnctavichectnedunaeana alin 1.05 1.22 10 25 33 43 105 85 10 40 
Tenn: NN ee eee 1.19 1.18 5 | 10 30 29 65 60 0 10 
I a Sind ewe bib ania kee amen 1.15 1.16 5 15 26 25 45 45 10 20 
Tex: i iil ee eee teh ee ae 4.39 1.08 <5 5 8 8 25 30 0 10 
Rs oo i ri etwas aeatkoe wea tautewuwe 1.17 1.14 5 10 20 20 45 40 0 10 
Utah: ea eee ae 1.39 1.38 <5 <5 26 23 120 105 10 30 
Vt: SS ES eR a eee 1.12 1.11 <5 <5 21 22 100 75 0 0 
Va: I on te te. ee a totem 1.17 1.14 5 10 21 20 60 55 10 10 
Wash: EET Ce EE ae a 1.27 1.25 <5 <5 25 26 105 110 0 0 
Se ae ore ee 1.30 1.31 <5 <5 27 24 90 7 0 0 
W. Va: Ee rae rere 1.12 1.10 | 10 15 20 20 40 30 10 20 
Wis: a ee 1.19 1.18 | <5 5 17 16 85 60 10 20 
Wyo: RRS Rr ee 1.23 1.20 | 5 10 17 17 70 65 10 30 
UA EDRs ncig sbiricnckctiniendivonawwie ----| 118] 1.17) <5 10 | 20.7/ 2) 7 | 61 | 6 | 15 





_® All station second quarter averages and all but two station monthly averages for barium-lanthanum-140 were 0. The stations were Chicago and 
Indianapolis for which the monthly average was 10 pCi/liter. 


defined by the Federal Radiation Council (20- as compared to 74 pCi/liter in May 1965. The 
200 pCi/liter). The average monthly stron- maximum monthly average concentration in 
tium-90 concentrations in pasteurized milk pasteurized milk was 170 pCi/liter, observed 
from selected cities in the sampling program at Tampa, Florida. The distribution of month- 
are presented in figure 3. ly average cesium—137 concentrations in milk 

The Network average cesium—137 concen- for January through June 1965 is presented 


tration in milk for June 1965 was 61 pCi/liter in table 4. 
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Figure 2. Cesium—137 concentrations in pasteurized milk, June 1965 


The decrease in radionuclide concentrations 
in milk observed during January through June 
1965 can be expected to continue in the absence 
of atmospheric nuclear testing. This trend is 
from March 1960 through 1964 (2,3). 


During June 1965, iodine—131 was observed 
in weekly milk samples at 48 sampling 
stations (table 5). The maximum concentra- 
tion observed was 130 pCi/liter on June 4, 
1965. The levels of iodine-131 observed were 
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Figure 3. Strontium-90 concentrations in pasteurized milk, 1961-June 1965 
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such that 42 stations exhibited monthly aver- 
ages greater than the detection limit of 10 pCi/ 
liter. The highest monthly average, 60:pCi/liter 
observed in Kansas City, Missouri, was well 
within Range II as defined by the Federal 


Vable 3. Frequency distribution of strontium-90 con- 
centrations in milk at PMN stations, January-June 
1965, and June 1964 



































Radiation Council (10-100 pCi/liter). The 
presence of iodine-131 in pasteurized milk 
during June 1965 is presumed a consequence of 
the mainland China atmospheric nuclear test 
on May 14, 1965. 


Table 4. Frequency distribution of cesium-137 concen- 
trations in milk at PMN stations, January-June 1965, 


















































and June 1964 
Number of stations 
Strontium-90 Number of stations 
(pCi/liter) 1965 1964 
Cesium-137 
(pCi/liter) 1965 1964 
Jan Feb | Mar | Apr | May | Jun | Jun 
Jan Feb | Mar | Apr | May | Jun Jun 
ie Bik ct wakeaw 6 3 5 5 4 a 4 
ee il NE ae 32 31 29 23 26 21 6 
OP Ee 19 22 21 27 25 29 23 Vader 60... »....-. 1l 8 9 7 17 19 1 
bea 4 5 6 5 5 4 17 Lee a 38 38 36 35 31 38 19 
. eae 1 2 1 2 2 2 10 = see 12 15 16 18 13 5 24 
| Ree 1 0 1 0 0 0 2 oe eee 2 2 2 3 2 1 13 
| RE NA 0 0 0 1 1 0 10 1 0 0 0 0 0 0 4 
OS aoeadwecaee 0 0 0 0 0 0 1 ss SEAR 0 0 0 0 0 0 2 
Table 5. Occurrence of iodine-131 in Pastuerized Milk Network, June 1965 
(Concentration in pCi/liter) 
June, 1965 
Sampling location 
1;};2;3/);4/])5)]6]7]8 {9 |10)11) 12/13] 14] 15] 16] 17] 18] 19 | 20| 21 | 22 | 23 | 24/| 25 | 26 | 27 | 28} 29/ 30 
Ala: Montgomery.-.-_------- ee ee ee oe ae eee 
Ark: Beetle MOUR.........- Sete, SS ae ee ee 
Colo: A bin iba o sae eae BRE ASS PRS Sa ME Oe el eT RE TS OE Oe ee a ee ee ae ee 
Del: Wilmington_--------- ae a ee ee ae ee a 
D.C: Washington-_--------- ee RS BE ee ee ee ee ee 
Fla: (0 SE eee ree? Veer Eee wk ies Cae Oke Pe oe Se ee ee ee ee oe ee ee ee ee ee ee 
Ga: er aS 5 SS SS Se Gee ee ee ee ee Ae ee ee 
Idaho: Idaho Falls_-_-------- UR RR a: OE ES ee RS ee ee ee 40 
Ill: MR sc canbne esau i i aa, ee a a oe 
Ind: Indianapolis - - - ------ ae ees OS Re ee ee ee 30 
Iowa Des Moines---------- oe OS ee PES 60|___| 70 
Kans TES ee ee ee Oe el oe oe oe ee 
Ky: OS eee — SE Ae eS Re ee Se ee ee eee 30 
La: New Orleans- - ------- Ss SES A ee ee eR SS ee oe oe ee ee ee ae 
Me: | Se Ee ee ee ee ee ee ee ee 10 
Md: OSS eee See eee Be Oe ae Ee OS Sd ee ae ae PS SP a Se ee 
Mass: eee 10 
Mich: a Se eas eee, CS ‘ ee 
Grand Rapids----- --- Ctcculecohcwe 25 (Se Le oe 20 
Minn Minneapolis----- ----- EE Ee a a ee ee le oaths cte ---| 60)- ae ae 40 
Miss eer AA ERE NSE EE ES a ee 20 
Mo: Kansas City - ------ — Se ee ee le est oe a Re ee ee ..-| 60 
ees Se) Se he ee ee lO Sg Wel = oe ee a 20 
Nebr ae eee Pee ae | ee ae ee ee ee J i: a et; i eR Be ee i 20 
Nev: Dt Cs wanceneee ee fee eee ee ee ee ee eee ee oe ee 50 
N. H: Manchester---------- 20 
N. J: WE Sk vcncasakwe ee ee ee ee ae ee ee ae = i 
N.Y fo = _ es Be ee ee ee ee Ee a 
a a, SSS eS ae vial * enalaaa toa oe 
N.C: OS AS ee eS ee 
. eee: Dees... ....2-. ee ee ee Ak Se Se 
Ohio: eee af FS a, UU ee ee 
OES a Se ee ee CO ee a 
Okla Oklahoma City_...---|...} 40}.--]|_--]- Aatthatde Gist ced 20 . Ae Pee ee ee 
Pa: Philadelphia - - ------- ee ee A ee ee. a 10 
Pitteburgh........ SS Fe ae oe 30 
eae SS SE we = ‘; me ee 7 ieee S ings ae 
S.C: Charke tton........... aE Oe Oe A SS ee a ee > 6 a Sk Bee ee 
S. Dek: Raid (Aty.......... ae! a eee y Gi xi<i. 50 
Tenn Chattanooga. --_----- a ee ee ee ie a ee P shel Oe 
|” ei EES ee ee es ee (ee, | 6 deishindli> ait Giivaicadittdbiddenstan oa 
Tex er a ET ee . at Bt ee ee Ce = 5 — 
ES Ss 8 Phat ee | 6 Pe ee ee 20 
Utah Salt Lake City _----- 50} - eS Sk SES ae < -| 40)- seank. a 
Va: I eile cad Se scndabe ee fs en ee ee ae eee |e x =e 8 -| 10 
W. Va: Charleston.._......-- snutinwheShl ch ba ools tells sbee dl chall Ms oe en & eet ie a ae a ae 
Wis: Milwaukee_.........- ee Ee ee ee ee oe 10 
Wyo | Se ae énlncul MEoualocdlivelsacl MERSUet > oats sabes 20 
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2. Oklahoma Milk Network 
March-July 1965 


Oklahoma State Department of Health * 


On March 15, 1965, the Radiological Health 
Section of the Oklahoma State Department of 
Health initiated a program of analysis for 
iodine—131 in the milk produced in the State of 
Oklahoma. 

The location of the sampling stations and the 
extent of their associated milksheds are shown 
in figure 4. There are ten milksheds in the 
State of Oklahoma. The five which were chosen 
as sampling stations (Oklahoma City, Enid, 
Tulsa, Lawton, and Ardmore) were selected on 
the basis of the size and location of their milk- 
sheds. A major criterion in the selection of a 
milkshed for sampling was the degree of over- 
lap with other milksheds being sampled. This 
overlap will assist in locating any small areas 
of production where the iodine—131 concentra- 
tions might be abnormally high. 

The sampling stations are located in the 
laboratory of a major milk processing plant in 
the milkshed, and while the milkshed for that 





3 Acknowledgment is accorded to the staff of the 
Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 
Mr. Martin C. Wukasch, Chief Engineer. 


particular processing plant may not coincide 
exactly with that shown in figure 4, and coinci- 
dence is satisfactory for surveillance purposes. 


Sampling 


At the present time, samples are collected 
on Monday morning, and the analyses are com- 
pleted by Wednesday afternoon. However, if 
iodine—131 levels detected are such that diver- 
sion of the milk or other precautionary meth- 
ods need to be taken, the analytical method 
and equipment can be employed to sample each 
truck arriving at the processing plant. Under 
these conditions, only about four hours would 
be needed to complete the analysis. This great- 
ly reduced lag time for analysis would permit 
rapid decisions on the fate of each truckload 
of raw milk. 


Analytical method 


The method of analysis is similar to that 
recently published by the U. S. Public Health 
Service (4) but was developed independently 
by the Oklahoma State Health Department’s 
Radiological Health Laboratory and has not 
been published to date. 

The sampling stations are supplied with 
plastic cartridges containing 10 ml of Dowex 
1X8, 50-100 mesh anion exchange resin. On 
the sampling date, one gallon of pasteurized 
whole milk is passed through the cartridge, 
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Figure 4. Milksheds of the five Oklahoma dairies used as 
sampling locations 
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the residual milk is washed from the resin with 
distilled water, and the cartridge is mailed to 
the Radiological Health Laboratory where it is 
counted for 100 minutes in a 2- x 2-inch well 
type, thallium-activated sodium iodide crystal. 
The gamma energy is analyzed in a 400-chan- 
nel analyzer. The results are corrected to noon 
of the sampling date. The minimum detectable 
concentration is 0.9 pCi/liter (3 standard 
deviations of background). 


Results and discussion 


Table 6 gives the concentrations of iodine— 
131 found in Oklahoma milk samples collected 
from the inception of the program through 
July 25, 1965. 

The observed iodine-131 concentrations 
clearly reflect the arrival and subsequent de- 
crease in fresh fission products which are pre- 
sumed to have resulted from the second Chin- 
ese atmospheric nuclear test of May 14, 1965. 


Table 6. Concentration of iodine-131 in Oklahoma 
milk, March to July, 1965 


(Concentrations in pCi/liter) 



































3. Texas Milk Network 
January—March 1965 


Texas State Department of Health + 


The Texas State Department of Health initi- 
ated a statewide milk sampling network for 
radionuclide content in April 1964. At present, 
monthly samples of raw milk are collected from 
each of six “active” sampling points. In addi- 
tion, six “stand-by” stations have been supplied 
sample containers and shipping instructions 
and can be activated immediately, if needed. 
The “active” and “stand-by” station locations, 
shown in figure 5, were chosen to give maxi- 
mum geographical and population coverage. 
The monthly grab samples are taken from 
tank trucks at the processing plants. 


Analytical methods 


Samples are routinely analyzed for iodine— 
131, barium-140, cesium-—137, potassium—40, 
strontium-89, and strontium—90. The gamma- 
emitting radionuclides are analyzed using a 
4- x 4-inch sodium iodide crystal and a 400- 
channel analyzer. Samples are counted for 
100 minutes in a 31% liter Marinelli beaker. 
The matrix method of calculation is used and 
detection limits at the 95 percent confidence 





+ Acknowledgment is accorded to the staff of the 
Radiological Health Section under the direction of Mr. 
Dale Mchard, Head, and Mr. Robert Craig, Assistant 
Engineer. 
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Sampling location 
Date 5a Toe) Bier at oe 
Oklahoma Enid Tulsa Lawton Ardmore 
City 
March 15-- -- <i <i <l <i <1 
«ae <1 <1 <i <1 <1 
ae <l <l <l <il <l 
April §5.... IF IF IF IF IF 
REL. <1 <1 <1 <1 <1 
19 <1 <1 <i <1 NS 
26 <l <l <1 <1 <1 
May 3.-.-- <1 <i NS <1 <1 
. <1 <i <1 <1 <1 
17 <1 NS <1 <1 NS 
24 <1 <1 <i <1 <i 
31 <1 NS NS <1 3.9 
et Denes 37.4 41.6 24.6 35.4 32.8 
SS 16.7 20.6 16.9 15.8 | 14.0 
= 5.1 7.5 4.9 8.3 NS 
28_- 3.4 3.3 3.3 2.0 2.6 
July ae <1 NS <1 <1 NS 
12 <1 <i1 <1 <1 NS 
19 <i <1 <i <1 <1 
25 <1 <1 <1 <1 <1 
Key to Symbols: NS, no sample collected. 
F, instrument failure. 
| 1 
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Figure 5. Texas milk sampling stations 


level are 10 pCi/liter. Calcium determinations 
are not made. 

Strontium-89 and strontium—90 are ana- 
lyzed by a chemical separation technique using 
ion exchange columns (5). Prepared samples 
are counted for 100 minutes in a low-back- 
ground beta counter. 


Results 


Potassium—40, strontium-90, and cesium— 
137 results by station and month for January 


541 








and March are presented in table 7. During 
this time, the strontium-89 concentration was 
below the limit of detectability (5 pCi/liter). 
Iodine-131 and barium-140 were also below 
their limits of detectability (10 pCi/liter). 

Network average concentrations for April 
1964 throughMarch 1965 are shown in figure 
6. Comparison of the observed radionuclide 
concentrations with the Federal Radiation 
Council guides for peacetime operation indi- 
cates that at no time during the period of sur- 
veillance did the radionuclide concentrations in 
Texas milk approach levels suggesting any 
remedial action (6). 
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Figure 6. Radionuclide concentrations in Texas milk 
network, April 1964—March 1965 





Table 7. Radionuclide concentrations in 
Texas Milk Network, January-March 1965 





d ; Potassium-40 (pCi/liter) 
Sampling location 












































January February March 
RE Ee A ADAM Dies 7 1280 1280 1350 
0 See ear aNS NS NS 
Ss ct docilens xxubduoneece 1290 1300 14.0 
SEE 1410 1350 1370 
Ms xn lak acne ekin wed 1390 1370 1220 
Eee 1340 1300 1339 
EE LALLA 1342 1320 1342 

: : Strontium-90 (pCi/liter) 
Sampling location 

January February March 
a i ies et alana a ce eas ht 4 7 5 
SCE SIR NS NS NS 
eer 3 3 4 
EE 5 7 5 
ERE 8 5 12 
OE EE Ee 7 6 5 
an thn6beannccdndwe 5 6 6 

any F Cesium-137 (pCi/liter) 
Sampling location 

January February March 
PE icaviaiubiuvaeaaned 20 40 30 
—— RBESRCASSRSRIEP Ss FC RSS NS NS NS 
REESE ee Te 30 20 25 
SEEN Abe 30 15 15 
| RRS Seer Rae 40 50 
SS See ee oe 25 20 20 
pS AES CS MESS ee y= 29 29 30 











8 NS, no sample collected. 





4. Canadian Milk Network ° 
June 1965 


Radiation Protection Division, Department of 
National Health and Welfare, Ottawa, Canada 


The Radiation Protection Division of the 
Department of National Health and Welfare 
began monitoring milk for strontium-90 in 
November 1955. At first, analyses were carried 
out on samples of powdered milk obtained from 
‘processing plants. However, since January 
1963, liquid whole milk has been analyzed in- 
stead. With this change, more representative 
monthly composite samples of milk consumed 
can be obtained, and milk sampling locations 
(figure 7) can be chosen in the same areas as 
the air and precipitation stations. 

The milk samples are obtained through the 
cooperation of the Marketing Division of the 





5 This report was prepared from information and 
data in the July 1965 monthly report, “Data from 
Radiation Protection Programs,” Canadian Department 
of National Health and Welfare, Ottawa, Canada. 
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Figure 7. Canadian milk sampling stations 


Canadian Department of Agriculture. At 
each station samples are collected three times 
a week from selected dairies, combined into 
weekly composites, and forwarded to the radio- 
chemical laboratory in Ottawa. The contribu- 
tion of each dairy to the composite sample is 
directly proportional to its volume of sales. 
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in most cases a complete sample represents 
over 80 percent of the milk processed and dis- 
tributed in the area. Several of the weekly 
samples are randomly selected and analyzed 
for iodine-131. The results of the spot checks 
for iodine-131 will not be reported unless there 
is evidence that the levels are rising. A month- 
ly composite of the samples is analyzed for 
strontium-89, strontium-90, cesium-137, and 
stable potassium and calcium. 


Analytical methods 


Radiochemical methods are used for the 
analysis of iodine-131 (7). For the analysis 
of radiostrontium, carrier strontium is added 
to a one-liter sample of milk, and the milk is 
then placed in a tray lined with a polyethylene 
sheet and evaporated under infrared lamps. 
The residue is ashed in a muffle furnace at 
450°C., and dissolved in dilute nitric acid; 
strontium is separated by fuming nitric acid 
precipitation. The combined strontium-—89 and 
strontium-90 are determined by counting in a 
low-background beta counter. Strontium—90 
is determined separately by extracting and 
counting its yttrium—90 daughter, while stron- 
tium-89 is estimated by difference from the 
total radiostrontium measurement. Appropri- 
ate corrections are made for self-absorption 
and counter efficiency at all stages. Calcium is 
determined by flame photometry. 

Cesium-137 is determined by gamma spec- 
troscopy using a scintillation crystal and a 
multichannel pulse height analyzer. A sample 
consisting of 4.5 liters of milk is placed in a 
sample tray constructed in the form of an in- 
verted well to accommodate the 5- x 4-inch 
sodium iodide crystal detector. The sample is 
counted for 100 minutes and the gamma spec- 
trum is then recorded. Estimates are made of 
the potasium—40 and cesium-137 content of the 
milk by comparison of the spectrum with the 
spectra of standard preparations of these two 
radionuclides. With this method the potassium— 
40 concentration is determined and the Comp- 
ton contribution of this radionuclide to the 
cesium-—137 photopeak is subtracted to obtain 
the cesium-—137 concentration. The _ stable 
potassium content is estimated from the potas- 
sium—40 concentration. 


Sources of error 
In the iodine and strontium determinations, 
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tests indicate that the statistical error (95 
percent confidence level) in the chemical oper- 
ations involved is about plus-or-minus 10 per- 
cent. This value is independent of the concen- 
tration of the radioisotope in the milk because 
it depends only on the recovery of the carrier. 
In the gamma spectrometric determination of 
cesium-137 no recovery factor is involved. 

The chemical procedures error must be com- 
bined with the counting error which depends 
primarily on the concentration of the nuclide 
in the sample, the background radiation, and 
the length of time the sample and background 
are counted. This counting error has been 
evaluated mathematically for the particular 
counting arrangement used. 

The overall errors, estimated on the basis 
indicated above, are given in table 8. 


Table 8.. Total error for various radionuclide 
concentrations in milk * 








Radionuclide Error for 10 | Error for 50 | Error for 100 
pCi/liter pCi/liter pCi/liter 

a ee 25% 20% 15% 

SPEER 15% 10% 10% 

- "areas o 20% 10% 

CE etnpwlsaebundvelbeud 60% 20% 10% 














® All errors are 2¢ values, representing 95 percent confidence levels. 


Results 


Table 9 presents monthly averages of stron- 
tium-90, cesium-137, and stable calcium and 
potassium in Canadian whole milk. Spot 
checks for iodine-131 indicate that all samples 
had insignificant levels of these radionuclides. 

The results show that radionuclide concen- 
trations in Canadian whole milk remained well 
below the levels permissible on health grounds. 


Table 9. Stable elements and radionuclides in 
Canadian whole milk, June 1965 








: Calcium Potessiueni@tsentium-Mtrention- Cesium- 
Station (g/liter) | (g/liter) 89 90 137 

(pCi/liter) | (pCi/liter) | (pCi/liter) 

Se 1.05 1.6 23.6 30.9 94 
Edmonton. ---_---- 1.06 1.6 29.6 24.2 83 
Ft. William------- 1.12 1.7 27.8 37.7 100 
Fredericton. _----- 1.12 1.6 11.1 34.9 126 
Rd idiip en one 1.08 1.6 19.6 36.7 119 
Moantreal......... 1.13 1.6 10.1 20.9 71 
Ottawa___- iil 1.12 1.6 9.1 17.7 81 
Quebec. - - eu 1.12 1.6 12.7 36.8 130 
EL a ea 1.12 1.5 20.1 31.2 70 
St. John’s, Nfid_—- 1.13 1.4 9.8 53.9 204 
Saskatoon_ -- ----- 1.11 1.5 12.3 26.5 60 
Sault Ste. Marie-_- 1.11 1.6 9.2 36.1 106 
TC cancece 1.09 1.6 6.1 12,1 43 
Vancouver_____--- 1.12 1.6 8.1 33.1 173 
WD, os ceoaes 1.08 1.6 12.1 12.4 42 
, | EES 1.12 1.6 12.3 26.2 77 
Average - -- oe 1.11 1.6 14.6 29.5 99 


























5. Pan American Milk Sampling Program 
June 1965 


Pan American Health Organization, and 
Public Health Service 


In accordance with a joint agreement, the 
PAHO (Pan American Health Organization) 
and the PHS (Public Health Service) devel- 
oped a collaborative program for furnishing 
assistance to health authorities in the Amer- 
icas engaged in developing programs in radio- 
logical health. 

Under this agreement, the PHS Division of 
Radiological Health furnishes to PAHO, on a 
loan basis, limited quantities of essential items 
of equipment and the requisite laboratory 
services to establish a surveillance program. 


Sampling procedure 


Initially, air sampling stations were estab- 
lished in Chile, Jamaica, Peru, and Venezuela. 
In August 1963, the program was expanded to 
include a milk sampling station in Caracas, 
Venezuela. Between April 1964 and August 
1964, additional stations were established in 
Jamaica at Kingston, Montego Bay, and Mande- 
ville. Sampling varies according to local pro- 
cedures. 

Under the direction of the Venezuelan Insti- 
tute for Scientific Investigation, weekly sam- 
ples are collected, preserved with formalde- 
hyde, and composited monthly. 

Jamaica, under the direction of the Ministry 
of Health, collects one monthly composite on a 
rotating basis from one of the three principal 
milk areas: Montego Bay (Montpelier), Man- 
deville, and Kingston (Spanish Town). To 
reduce spoilage it was necessary to establish 
cooling stations in the western parishes where 
the milk is received prior to shipping to the 
Condensery in Kingston. All samples are sent 
to the PHS Southeastern Radiological Health 
Laboratory for analyses. 


Analytical procedures 


Iodine—131 and cesium-—137 are determined 
by gamma scintillation spectrometry. Stron- 
tium—89, strontium-90 and barium-140 are 
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determined radiochemically (5). Analytical 
errors are discused in the “Analytical Proced- 
ures, Pasteurized Milk Network” (see page 
535). 


Data presentation 


Table 10 presents stable calcium and potas- 
sium, strontium—89, strontium—90, and cesium— 
137 monthly average concentrations. The 
monthly average of iodine—-131 and barium-— 
140 concentrations in milk were less than 10 
pCi/liter. 

For comparison purposes, the radionuclide 
concentrations at Cristobal, Canal Zone, and 
San Juan, Puerto Rico, are presented. 


Table 10. Stable element and radionuclide concentrations 
in milk, PAHO, June 1965 


























| 
| | Potas- | Stron- | Stron- | Cesium- 
Sampling station | Calcium| sium | tium-89 | tium-90 137 
(g/liter) (g/liter) | (pCi/ (pCi/ (pCi/ 
| | | liter) | liter) | liter) 
Canal Zone: Cristobal _ - | 1.08 | 1.5 <5 4 30 
Jamaica: Kingston_ ---_- 1.16 1.42 | <5 12 120 
Mandeville_-__| NS NS NS NS NS 
Montego Bay - NS NS NS | NS NS 
Puerto Rico: San Juan__} 1.11 1.5 <5 10 50 
Venezuela: Caracas _ - - - - : Bas 1.38 | <5 | 5 20 
| | 











Key to symbols: NS, no sample collected. ; 
Blanks indicate no report received. 
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APPLICATION OF RADIONUCLIDE CONCENTRATIONS IN MILK TO 


INTAKE GUIDES, JUNE 1964-JUNE 


Division of Radiological Health 
Public Health Service 


The concentrations of specific radionuclides 
in milk analyzed as part of the Pasteurized 
Milk Network (PMN) are reported on a 
monthly basis in RHD. In terms of radiological 
health surveillance activities, an important as- 
pect of these data is the estimation of result- 
ant radiation dose to population groups. 

Approximate relationships between certain 
radionuclide intakes and dose have been applied 
to the formulation of daily intake guides (1) 
and permissible concentrations in selected en- 
vironmental media (2). Although these guides 
are not themselves directly applicable to world- 
wide fallout, a comparison with environmen- 
tal contamination levels does yield a measure 
of population dosage. In general, intake-dose 
and dose-biological effect relationships used in 
formulating the guides cited are based on con- 
tinuous intake over an entire lifetime. How- 
ever, for general surveillance purposes, yearly 
average intakes, used with discretion, may be 
compared directly with the levels adopted as 
lifetime intake guides. Thus, the radionuclide 
concentrations in milk, averaged over a year’s 
time, together with milk consumption data, 
might be used in conjunction with the refer- 
ences cited above to approximate the radiationi 
dose to a specific population group from a spe- 
cific radionuclide. Table 1 presents annual 
averages of radionuclide concentrations in 
milk sampled by the PMN. Limited data are 
available for estimating the average daily milk 
consumption (on a volume basis) for specific 
age groups in the U.S. population (3,4). 

Total dietary intake is of prime interest, and 
since the intake-via-milk consumption consti- 
tutes only a portion of the total radionuclide 
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1965 


intake, the relationship of milk intake to total 
dietary intake is of importance in evaluating 
milk surveillance data. The Federal Radiation 
Council (5) notes: “A number of studies have 
shown that conservative estimates of the stron- 
tium-90 to calcium ratio in the total diet may 
be made by multiplying the ratio of strontium— 
90 to calcium in milk in a particular locality 
by 1.5.’" Thus, a rough index of the total 
dietary intake of strontium—90 on an annual 
basis may be made from PMN annual averages 
by using -this factor and the assumptions of 
approximately 1.2 grams of calcium per liter 
in PMN samples and a 1.0 grams daily intake 
of calcium. 


In the case of iodine—131, milk can be con- 
sidered the major source because of the rapid 
distribution and consumption of fresh milk. 
With most other foods, normal processing and 
distribution allows time for this short-lived 
nuclide to decay to insignificant levels. 


The situation with respect to strontium—89 
is more complicated. Its half-life of some 50 
days makes it difficult to estimate the relative 
contribution made by sources other than milk 
to the total dietary intake. 


The relative contribution of milk to the total 
dietary intake of cesium-—137 is not well defined 
and depends principally on the amount of 
freshly deposited cesium—137 on products used 
for human and animal consumption, and the 
progress of cesium—137 through the food chain. 


The data in table 1 are calculated as follows: 





1This ratio may vary from 1 to 2, depending on 
changes in rate of fallout deposition and relative con- 
sumption of non-milk products whose contamination re- 
flect temporal and local deposition patterns (6). 
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Table 1. Average radionuclide concentrations in milk for the twelve month periods, * re: 

June 1964—May 1965 and July 1964-June 1965 (s 

Strontium-89 Strontium-90 Iodine-131 Cesium-137 th 

(pCi/liter) (pCi/liter) (pCi/liter) (pCi/liter) 
Sampling locations of 
June 1964— | July 1964— | June 1964- | July 1964— | June 1964— | July 1964- | June 1964- | July 1964- ta 
May 1965 June 1965 May 1965 June 1965 May 1965 June 1965 May 1965 June 1965 

—_ a\ 

Ala: Montgomery -----.-------- 3 3 20 19 0 0 58 56 el 
Alaska A SSS OS 3 3 19 18 1 1 85 78 

Ariz: SR i, hi and kas ee ance 3 3 5 5 0 0 24 24 tr 
Ark: OS OS ae eee 3 4 37 36 1 2 74 70 

Calif ON ae 3 3 7 7 1 1 33 31 m 
Se DS cis csoih ain ear aiiel 3 3 8 8 0 0 35 32 

C. Z: 2 es ee. 3 3 5 5 0 0 45 44 st 
Colo I ee ia es chacts eoaick cei 3 3 19 18 0 1 80 77 
Conn ON ere 3 3 18 18 0 0 98 91 

Del: CO EES 3 3 19 19 1 2 81 76 tr 
D. C: EE Oe 3 3 18 17 1 2 59 56 

Fla: i aia ei cna maienand 3 3 14 14 0 0 208 200 ce 

Ga: EE sere 3 3 27 27 0 1 96 92 ti 
eS re nea 3 3 11 11 0 0 70 66 

Idaho: Sere as 3 3 22 21 0 2 108 100 Si 
Ill: ees 3 3 18 17 0 2 86 81 

Ind EEE 3 3 18 17 1 4 70 65 7 

Iowa of ee 3 4 23 22 3 6 64 60 b 
Kans a eee 3 3 19 18 0 2 50 48 

Ky: ied ac ace ah 3 4 25 24 0 2 54 50 Oo 
La: | ee 4 5 44 43 0 2 94 88 

Maine SI oa wate acres 3 3 25 24 1 2 152 144 y 

Md: ree 3 3 20 19. 0 2 65 61 Vv 
Mass: ER eae ae 3 3 26 25 0 0 154 142 

Mich: SE ee 3 3 17 16 2 3 85 81 an 
Grand Rapids............. 3 3 19 19 1 2 94 90 

Minn: Permmeaners.............<.. 4 6 27 26 1 6 99 92 . 

Miss: ee ag EE Pee 3 3 35 34 0 1 67 64 s 

Mo: ES eS 3 5 23 23 + 8 54 50 5 
| ee ae ee 3 3 19 18 1 4 54 49 
Mont REE Sa GRE SS 3 3 19 18 3 3 103 97 
Nebr DE: owdnk cuakeae nate 3 3 22 21 1 +t 63 60 
Nev: OS eee 3 3 8 7 1 2 50 45 
N. H: CS Ee ee 3 3 26 25 1 1 172 164 
N. J: i Rees 3 3 17 16 1 1 82 77 
i. DeOk: Alpuqueraue.............. 2 2 10 10 1 1 45 42 
N.Y: eS 3 3 18 17 0 0 107 100 
oo!” = 3 3 22 21 1 2 110 102 
a aa instinct thaiarelsca se 3 3 16 16 0 1 94 86 
N. C: Io ed a ode 3 3 34 32 0 1 79 74 
a a eer 5 6 51 49 0 2 129 124 
Ohio: EE ETE 3 3 18 18 0 2 64 59 
..... 3 eer: 3 3 19 18 1 2 89 82 
Okla Oklahoma City........-.-- 3 4 20 19 0 2 51 49 
Ore: _. SE eS 4 3 25 24 0 0 121 111 
Pa: Philadeiphia..............« 3 3 18 17 0 0 79 74 
SEPP PER 3 3 27 25 0 2 110 101 
oe ERE: 3 3 12 1l 0 1 58 56 
Rm. i DNL... ddda nde tn ccoan 3 3 20 20 0 0 116 108 
8. C: EE SS Eee 3 3 30 29 0 1 100 98 
S. Dak OS" seine 4 5 34 33 0 3 126 119 
Tenn: Chattanooga.._._____-- nee 3 4 34 33 0 1 76 71 
IE lds ed ice saeco 3 3 28 26 0 2 48 46 
Tex 0 i ecient Raa ashes ace 3 3 8 8 0 1 31 29 
| ae eee: 3 3 18 18 0 1 44 42 
Utah Belt Lake City............. 3 3 24 23 0 2 131 126 
Vt: ING ci sond atieiedg x gaectccien 3 3 23 22 2 2 125 118 
Va: ee 3 4 17 16 1 2 68 64 
Wash: Se ee Ae ee 4 3 25 24 0 0 127 115 
Sener ee ee 3 3 26 25 0 0 110 104 
W. Va EE IS 3 4 20 19 1 2 49 45 
Wis eWOUKGOO..........<-.-06 3 3 15 15 2 3 96 90 
Wyo I th kb ckersiens ind ain 4 3 17 16 0 2 82 77 
eee 3 3 21 20 1 2 85 80 


























* Annual averages were computed on basis of 52 weekly averages. 


: Annual averages for barium-140 at each station were <2 pCi/liter. 
>» Annual averages were computed on basis of 48 weekly averages. 
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results from all samples collected in each week 
(Sunday through Saturday) are averaged, and 
the averages for all weeks terminating in each 
of 12 consecutive months are averaged to ob- 
tain the annual average.? To obtain the annual 
average daily intake (pCi/day) of radionu- 
clides from milk, the annual average concen- 
tration values (pCi/liter) in table 1 must be 
multiplied by the annual average daily con- 
sumption (liters/day) of milk. 

Monthly variations of radionuclide concen- 
trations in milk are influenced by a number of 
combined causes such as meteorologic condi- 
tions and dairying practices, apart from con- 
siderations of original sources of radionuclides. 
The moving yearly average (table 1) obtained 
by updating the previous 12-month average by 
one month, shows variations averaged over the 
year and tends to minimize purely seasonal 
variations. 





2 Beginning with the October 1963 data, iodine—131 
values of <10 pCi/liter for individual samples are con- 
sidered to be zero for averaging purposes; previously, 
5 pCi/liter was used for calculating the averages. 
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RADIONUCLIDES IN INSTITUTIONAL DIET SAMPLES 


JANUARY-MARCH 1965 


Division of Radiological Health Public Health Service 


The determination of radionuclide concen- 
trations in the diet constitutes an important 
element of an integrated program of environ- 
mental radiation surveillance and assessment. 
In recognition of the potential significance of 
the diet in contributing.to total environmental 
radiation exposures, the Public Health Service 
initiated its Institutional Diet Sampling Pro- 
gram in 1961. This program is administered 
by the Division of Radiological Health with 
the assistance of the Division of Environmen- 
tal Engineering and Food Protection (1). 


The program is designed to estimate the 
dietary intake of radionuclides in a selected 
population group ranging from children to 
young adults of school age. Initially the pro- 
gram was conducted at eight institutions; as 


of January 1965, its scope had increased to 50 
boarding schools or institutions, distributed 
as shown in figure 1. These institutions range 
from financially well-to-do boarding schools to 
orphanages with severe economic limitations. 
Each institution (with the exception of those 
at Los Angeles, California; Fargo, North 
Dakota; Columbia, Mississippi; and Carson 
City, Nevada) is located in a community from 
which the PHS Pasteurized Milk Network 
(PMN) collects samples. Special milk samples 
are collected from two institutions recently 
added to the network at Wrentham, Massachu- 
setts, and Sioux Falls, South Dakota; these 
are not communities sampled by the PMN. The 
analytical data from this program supplement 
the findings for the Institutional Diet Sam- 
pling Program. 




















NOT SHOWN 


YX PALMER, ALASKA 
3% HONOLULU, HAWAII 














Figure 1. Institutional diet sampling locations 
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Table 1. 


Institutional diet analytical results, all schools, first quarter 1965 














Stable elements, g/kg Radionuclide concentrations, pCi/kg 
Location of institution Month 
(1965) 
Calcium Potassium (|Strontium-89)|Strontium-90| Cesium-137 | Radium-226 
Ala: I int ic ssity ctcdcconsie ocsces minineaiediaeel Jan 0.5 1.2 <5 11 45 NA 
Feb 0.6 1.2 <5 14 40 NA 
Mar 0.5 1.3 <5 1l 45 NA 
Alaska Ee a ee ee ey ls eee eee Jan 0.6 1.5 <5 15 100 0.6 
Feb 0.4 FF <5 8 80 0.5 
Mar 0.5 1.4 <5 17 60 NA 
Ariz: | OT Se ST Tee ek Pe enre Spee” Jan 0.7 ag <5 18 75 0.9 
Feb 0.8 1.9 <5 28 100 0.7 
Mar 0.7 1.5 <5 20 80 0.7 
Ark: SS eee ee ee Jan 0.7 1.2 <5 20 50 NA 
Feb 0.7 1.2 <5 20 45 NA 
Mar 0.6 1.5 <5 22 40 NA 
Calif: I i tal ed a ieedl Jan 0.5 1.6 <5 8 35 1.3 
Feb 0.8 1.9 <5 17 55 NA 
Mar 0.8 1.5 <5 13 20 0.7 
Colo: EERO Pee PIES pe eo eee aie Jan 0.7 1.4 <5 18 35 0.6 
Feb 0.5 1.6 <5 20 45 0.6 
Mar 0.7 1.4 <5 19 40 0.8 
Conn: NS on cciacavie tillen chose bildaleie enna Jan 0.7 1.7 <5 12 95 0.5 
Feb 0.7 1.7 <5 14 90 0.5 
Mar 0.6 1.6 <5 ll 65 0.5 
Del ee ae ee ae, ae ee ee Jan 0.8 1.8 <5 12 60 0.6 
Feb 0.8 1.8 <5 12 80 1.0 
Mar 0.8 Te <5 14 80 0.5 
Fla odin kdncs dakesecebadia anetaewevaanl Jan 0.7 1.4 <5 17 110 NA 
Feb 0.6 1.8 <5 8 105 NA 
Mar 0.8 1.4 <5 12 75 NA 
Ga: SN ie ht Sg See eee et tee Jan 0.5 1.6 <5 16 65 NA 
Feb 0.7 1.9 <5 19 70 NA 
Mar 0.7 Roe <5 19 70 NA 
Re. SR nn Sa oe CoS ee ie eee Jan 0.5 1.2 <5 9 65 0.4 
Feb 0.4 1.0 <5 16 40 0.6 
Mar 0.5 1.0 <5 14 30 0.6 
Idaho: ae ee ee eee re 2 Jan 0.6 1.4 <5 16 80 0.5 
Feb 0.6 i <5 36 140 0.4 
Mar 0.7 1.6 <5 25 125 0.6 
Ill: PN ce a a i a a ne Jan 0.8 1.6 <5 12 85 0.6 
Feb 0.8 1.5 <5 15 80 v.8 
Mar 0.8 1.6 <5 14 85 0.5 
Ind: NS PE ee Se oe « Jan 0.7 1.5 <5 11 60 0.4 
Feb 0.9 1.5 <5 14 70 0.5 
Mar 0.7 1.6 <5 ll 70 0.6 
Iowa: TCI a a de i ee Jan 0.7 1.8 <5 13 60 NA 
Feb 0.7 1.6 <5 13 60 NA 
Mar 0.7 1.6 <5 14 50 NA 
Kans: an ia a i il i Ge ee Jan 0.7 1.6 20 15 45 NA 
Feb 0.8 1.8 <5 16 50 NA 
p Mar 0.8 1.7 <5 16 50 NA 
Ky: te cas as sc'scecialos eos ame Re Ae Ree Jan 0.9 1.8 <5 19 50 NA 
Feb 0.7 1.5 <5 19 40 NA 
Mar 0.7 1.4 <5 16 35 NA 
La: ad a ge A re Jan 0.6 1.4 <5 17 100 NA 
Feb 0.7 1.5 <5 13 55 NA 
Mar 0.7 1.5 <5 19 60 NA 
Maine: | EE ee eee 6 eee Serge es Jan 0.7 1.6 <5 17 100 0.5 
Feb 0.8 1.3 <5 13 85 0.6 
Mar 0.8 1.5 <5 17 95 0.5 
Md: Ne ee eee Jan 0.6 1.2 <5 15 40 NA 
Feb 0.6 1.0 <5 14 50 NA 
Mar 0.6 1.4 <5 14 50 NA 
Mass: DN Seu ck ddasaesenensheaseee chen Jan 0.8 1.8 <5 19 115 0.5 
Feb 0.6 1.4 <5 12 80 0.4 
Mar 0.8 1.6 <5 18 105 0.7 
CE, cin way eudeediedaasdewenvas ene Jan 0.6 1.6 <5 ll 60 0.7 
Feb 0.6 1.4 <5 10 40 0.6 
Mar 0.6 1.3 <5 10 50 0.4 
Mich: EE a oe ED eee Fs AR A Jan 0.8 1.7 <5 13 70 0.6 
Feb 0.8 1.5 <5 13 65 0.6 
Mar 0.8 1.6 <5 12 85 0.8 
Minn: DEE... ow ce mbbaenaeie ages uweed Jan NS NS NS NS NS NS 
Feb 0.7 1.6 <5 53 65 0.7 
Mar 0.8 1.7 <5 38 80 0.4 
Miss: AE ae Bed CMe etn SIRE ey SS Jan 0.9 1.4 10 26 75 NA 
Feb 0.8 1.6 <5 18 70 NA 
Mar 0.8 1.4 <5 22 70 NA 
Mo: OR Ee Se Pe eee ee ae ee, 2 lene Jan 0.7 1.4 <5 38 45 1.4 
Feb 0.7 1.6 <5 22 55 0.6 
Mar 0.7 my <5 27 80 0.6 
Mont: FE 2k SE papas By Pont Ee ¥ NS. Jan 0.5 1.4 <5 14 70 0.7 
Feb 0.5 1.3 <5 21 70 0.4 
Mar 0.5 Bet <5 16 60 0.4 
Nebr: a ee ee Jan 0.8 1.5 <5 19 35 0.8 
Feb 0.8 1.4 <5 25 55 NA 
Mar 0.8 1.8 <5 21 55 1.1 
Nev IE a oo akc hake cdxadcdanesensecere Jan 0.8 1.4 <5 11 40 1.1 
Feb 1.3 1.8 <5 46 40 1.6 
Mar 0.6 1.7 <5 25 40 0.6 
N. J: ee ee ee Lee Jan 0.7 1.4 <5 11 60 1.3 
Feb 0.7 1.5 <5 12 65 0.7 
Mar 0.5 1.5 <5 10 70 1.5 
Pea eee - SONI 5.0 onus ontabnenneuseteueanokon Jan 0.8 1.6 <5 9 25 0.7 
Feb 0.7 1.5 <5 13 35 0.7 
Mar 0.8 1.8 <5 10 30 0.9 
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Table 1. Institutional diet analytical results, all schools, first quarter 1965—Continued 

















Stable elements, g/kg Radionuclide concentrations, pCi/kg 
Location of institution Month 
(1965) 
Calcium Potassium |Strontium-89/Strontium-90| Cesium-137 | Radium-226 
N. Y Cee ee ae ey ee ee ees Jan 0.6 Bry <5 14 90 0.8 
Feb 0.8 1.6 <5 16 70 1.0 
Mar 0.7 1.5 <5 12 65 1.0 
N.C sn Oe ee oa ee oi els ee Jan 0.6 1.2 <5 14 50 NA 
Feb 0.6 1.2 <5 19 40 NA 
Mar 0.6 1.0 <5 14 35 NA 
ET ens wan adilesccchkenareeeecaweuned Jan 0.7 es <5 15 95 0.5 
Feb 0.8 Ff <5 11 70 0.5 
Mar 0.8 1.8 <5 13 65 1.2 
Ohio: | ES Se ne ene mee Jan 0.8 i <5 12 85 0.4 
Feb 0.7 i <5 10 70 0.8 
Mar 0.7 1.6 <5 13 70 0.8 
Okla: Oklahoma City__-_--- SARS Saree fe Ee ee ee Jan 0.8 Fe <5 16 45 NA 
Feb 0.6 1.6 <5 11 35 NA 
Mar 0.7 ae <5 14 40 NA 
Ore ec tb. ni ed acca Se ans xo erga canal Jan 0.6 1.7 <5 16 30 0.9 
Feb 0.5 1.5 <5 24 45 0.5 
Mar 0.5 1.5 <5 10 40 0.6 
Pa: RE, ee ee ea eee Jan 0.6 1.4 <5 15 70 0.5 
Feb 0.6 Be <5 19 75 0.8 
Mar 0.6 1.3 <5 15 60 0.7 
R. I Ee ee nn oe Gee eee Jan 0.7 1.5 <5 15 80 0.5 
Feb 0.8 1.5 <5 12 75 0.5 
Mar NS NS NS NS NS NS 
8. C: EEE TEE REET ey EEE Jan 0.9 1.5 10 25 75 NA 
Feb 0.6 1.4 <5 14 60 NA 
Mar 0.7 1.5 <5 16 70 NA 
ee, So Sr on. witless eas euecce Redon! Jan 0.9 1.7 <5 19 95 0.7 
Feb 0.8 1.5 <5 22 75 0.7 
Mar 0.7 ef» <5 13 85 0.7 
Tenn: RE Aer Sarees ete ee ay ae aera eS Jan 0.6 1.2 <5 16 40 NA 
Feb 0.6 1.5 <5 13 35 NA 
Mar 0.7 1.5 <5 14 40 NA 
Tex NIN a shared adios sre Oe matic eedng eG k-aa aoe Jan 0.4 Bae <5 8 20 NA 
Feb 0.5 1.0 <5 8 30 NA 
Mar 0.5 1.2 <5 6 30 NA 
Utah: PT ccc cunGanatiuadaduadansaate Jan 0.7 i <5 9 75 0.5 
Feb 0.6 1.4 <5 14 60 0.4 
Mar 0.5 Be <5 16 65 0.6 
Vt: ID Giidincnablaernkentaw seks ease maeier Jan 0.6 Py <5 14 80 0.5 
Feb 0.6 OP <5 15 90 0.5 
Mar 0.6 co <5 14 90 0.4 
Va: IN st ard Osa on Dia ioe etlaaddl ae herders Jan 0.5 1.2 <5 17 45 NA 
Feb 0.5 a <5 15 40 NA 
Mar 0.5 1.4 <5 14 40 NA 
Wash: ERNIE rae ea Tee se eee me. Jan 0.8 1.4 <5 36 105 0.5 
Feb 0.7 1.1 <5 18 70 1.3 
Mar 0.6 1.4 <5 20 80 0.6 
Ee iin doc bn htc cece tates ec deudaees Jan 0.7 1.6 10 22 65 NA 
Feb 0.7 1.8 <5 17 70 NA 
Mar 0.8 1.9 <5 16 50 NA 
Wis: RT cape es Tet ean REE REET Jan 0.5 ey <5 9 65 0.9 
Feb 0.7 1.6 <5 10 80 0.7 
Mar 0.7 1.5 <5 11 60 0.5 
Wyo: i iach ts ie 3 edhe Sia cith, tok aise hck nie koe Ae Jan 0.7 2.0 <5 12 65 1.9 
Feb 0.8 1.4 <5 16 45 0.9 
Mar 0.7 1.5 <5 14 55 0.7 
ee a eT Jan 0.7 1.5 <5 16 65 0.7 
Feb 0.7 1.5 <5 17 65 0.7 
Mar 0.7 1.5 <5 16 60 0.7 


























® “A” and “B"’ denote two separate institutions in Boston. 
Key to symbols: 

NA, no analysis. 

NS, no samples. 


Sampling procedure 


In general, the sampling procedure is the 
same at each institution. Each sample repre- 
sents the edible portion of the diet for a full 
7-day week (21 meals plus soft drinks, candy 
bars, or other in-between snacks), obtained by 
duplicating the meals of a different individual 
each day. Each daily sample is kept frozen 
until the end of the collection period and is 
then packed in dry ice and shipped by air ex- 
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press to either the Southwestern Radiological 
Health Laboratory, Las Vagas, Nevada, the 
Southeastern Radiological Health Laboratory, 
Montgomery, Alabama, or the Northeastern 
Radiological Health Laboratory, Winchester, 
Massachusetts. 

The sample for each day is packaged in three 
parts: (1) solid food and semisolid food minus 
those portions that would not ordinarily be 
eaten; (2) liquid milk; (3) other beverages 
such as soft drinks, coffee, and tea. Drinking 
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Table 2. Institutional diet daily intakes, teenage boys, first quarter 1965 














: : : Stable elements, g/day Radionuclide intakes, pCi/day 
Location of institution Age Month | Total weight 
(yrs) | (1965) | (kg/day) 2 : ; 
Calcium Potassium |Strontium-89/Strontium-90] Cesium-137 | Radium-226 

Ala: Montgomery - - --------- 15-17 | Jan 2.42 1.2 2.9 5 27 110 NA 

15-17 | Feb 2.39 1.4 2.9 5 33 95 
15-17 | Mar 2.43 1.2 3.2 5 27 110 NA 
Hawaii: Honolulu_..........--- 14-16 | Jan 1.40 0.7 1.7 5 13 90 0.6 
14-17 | Feb 1.70 0.7 me 5 27 70 1.0 
15-19 | Mar 1.87 0.9 1.9 5 26 55 1.1 
Idaho: Idaho Falls...........-.- 17 | Jan 1.51 0.9 2.1 5 24 120 0.8 
15 | Feb 2.04 1.2 3.5 5 73 285 0.8 
17 | Mar 1.87 1.3 3.0 5 47 235 1.1 
Iowa: Des Moines. ._...._---- 14-16 | Jan 2.66 1.9 4.8 5 35 160 NA 
15-16 | Feb 3.16 3.3 5.1 10 41 190 NA 
15-16 | Mar 2.90 2.0 4.6 5 41 145 NA 
Ky: NS on, oc Be ee 15-17 | Jan 2.46 2.2 4.4 5 47 125 NA 
15-16 | Feb 1.81 1.3 ey 5 34 70 NA 
15-17 | Mar 2.14 1.5 3.0 5 34 75 NA 
a 14 | Jan 2.30 1.6 3.7 5 39 230 1.2 
14 | Feb 2.39 1.9 3.1 5 31 205 1.4 
14 | Mar 2.21 1.8 3.3 5 38 210 1.1 
Minn: Minneapolis. -__-......-- NS | Jan NS NS NS NS NS NS NS 
14-16 | Feb 2.20 1.5 3.5 5 117 145 1.5 
14-15 | Mar 2.12 BY 3.6 5 81 170 0.8 
Miss: SS A 15-17 | Jan 2.10 1.9 2.9 20 55 160 NA 
15-17 | Feb 3.01 2.4 4.8 10 54 210 NA 
15-17 | Mar 2.00 1.6 2.8 5 44 140 NA 
lo ee eee 15-17 | Jan 1,22 0.8 By 5 46 55 1.7 
15-17 | Feb 1.81 1.3 2.9 5 40 100 1.1 
15-17 | Mar 2.52 1.8 4.3 5 68 200 1.5 
Nebr: EE eS 15-18 | Jan 1.50 aa 2.2 5 28 50 1.2 
15-17 | Feb 1.72 1.4 2.4 5 43 95 NA 
16-17 | Mar 1.78 1.4 3.2 5 37 100 2.0 
N. J: ee 15-17 | Jan 2.31 1.6 3.2 5 25 140 3.0 
15-17 | Feb 2.25 1.6 3.4 5 27 145 1.6 
15-17 | Mar 2.40 1.2 3.6 5 24 170 3.6 
Ore: PR oo 5 14-17 | Jan 1.31 0.8 2.2 5 21 40 1.2 
15-17 | Feb 1.53 0.8 2.3 5 37 70 0.8 
15-17 | Mar 2.27 1.1 3.4 5 23 90 1.4 
Pa: Ee 14-16 | Jan 2.27 1.4 3.2 5 34 160 is 
14-17 | Feb 2.81 1.7 4.8 5 53 210 2.2 
15-17 | Mar 2.53 1.5 3.3 5 38 150 1.8 
R.I PID cis iivccnaeecus 13-15 | Jan 2.49 & 3.7 5 37 200 1.2 
13-15 | Feb 2.76 2.2 4.1 5 33 205 1.4 
NS | Mar NS NS NS NS NS NS NS 
Tex Ra siscksccckacaae 14-17 | Jan 2.08 0.8 2.3 5 17 40 NA 
15-17 | Feb 1.89 0.9 1.9 5 15 55 NA 
15-16 | Mar 1.83 0.9 2.2 5 ll 55 NA 
Va isc oa ktrn mae eeee 15-16 | Jan 2.28 1.1 3.7 5 39 105 NA 
15-16 | Feb 2.24 1.1 2.5 5 34 90 NA 
15-16 | Mar 2.35 1.2 3.3 5 33 95 NA 
Wis: Daiiwoubes...........2<% 15-17 | Jan 2.21 1.1 3.8 5 20 145 2.0 
15-18 | Feb 2.23 1.6 3.6 5 22 180 1.6 
14-15 | Mar 1.94 1.4 2.9 5 21 115 1.0 
Institutional averages for teenage Jan 2.03 1.3 13.0 5 32 120 1.4 
boys, 13-18 years. Feb 2.23 1.5 3.2 5 42 140 1.3 
Mar 2.20 1.4 3.2 5 37 130 1.5 
































Key to symbols: NA, no analysis. 


NS, no sample. 


water is neither included in these samples nor 
reported. A record of the contents of each 
meal and the approximate amount of each item 
is made at the institution and sent with the 
sample. 


Analytical procedures 


Because calcium compounds may have an ef- 
fect on the uptake of important bone-seeking 
radionuclides such as strontium-—89 and stron- 
tium-90 (2), they are included in the analyti- 
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cal program. Total weight is accurately deter- 
mined in the laboratory. Stable calcium deter- 
minations are obtained by conventional gravi- 
metric or spectrophotometric methods. Sample 
volumes usually range from 6 to 16 liters; sam- 
ple weights range from 8 to 20 kilograms. 


Results 


Table 1 gives the analytical results for insti- 
tutional diet samples collected from January 
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through March 1965. Stable elements are re- 
ported in g/kg of diet, and radionuclide con- 
centrations are expressed as pCi/kg of diet. A 
maximum of 50 institutions participated in 
this sampling program during this period. 

When discussing intake on a daily basis 
it is meaningful to delineate differences result- 
ing from age and sex. In an effort to evaluate 
these differences, table 2 presents the dietary 
intake of teen-age boys on a daily basis. The 
intake values were obtained by multiplying the 
food consumption rate in kg/day times the 
concentration values given in table 1. The re- 
ported radionuclide concentrations of these 
samples are corrected for radioactive decay to 
the midpoint of the sample collection period 
where applicable. 

Certain of the radionuclide concentration 
results have been reported as being “less than” 
(<) a specified value. For purposes of data 
computations to obtain dietary intakes, “less 
than” 10 pCi/kg values for iodine-131 and 
barium-140 were interpreted as zero and “less 
than” 5 pCi/kg of strontium-89 as 2.5 pCi/kg. 


Table 3 presents the daily dietary intake of 
teen-age girls. Table 4 presents the daily die- 
tary intake of children 9 to 12 years of age. 


A summary of these results, table 5, shows a 
variation between age groups. Teenage girls 
and younger children have comparable intakes 
while teen-age boys consistently have about 
a 20 percent higher intake. These values are 
comparable with the network average of 1.9) 
kg/day observed from 1961-1964 (3). 


Where strontium—89 dietary intake remained 
below detectable levels, the strontium-—90 die- 
tary intake during this period remained fairly 
constant at approximately 27 pCi/day. These 
results fall within Range II as defined by the 
Federal Radiation Council (4), indicating that 
quantitative surveillance and routine control 
are recommended. 


Cesium-—137 intakes were observed to steadily 
decrease during this period following the peak 
observed in 1964 (3). During this period, both 
barium-140 and _ iodine-131 concentrations 
were below detectable levels. 


Table 3. Institutional diet daily intakes, teenage girls, first quarter 1965 

















Stable elements, g/day Radionuclide intakes, pCi/day 
Location of institution Age Month | Total weight 

(yrs) (1965) (kg/day) 
Calcium Potassium |Strontium-89/Stront:um-90| Cesium-137 | Radium-226 
IE TI aici eclwcw'e 15-16 | Jan 1.89 1.3 3.2 5 23 180 0.9 
15-16 | Feb 1.56 1.1 2.7 5 22 140 0.8 
14-17 | Mar 1.82 aaa 2.9 5 20 120 0.9 
Ga: 0 EE TE 15-17 | Jan*® 1.67 0.8 2.7 5 27 110 NA 
15-17 | Feb* 1.90 1.3 3.6 5 36 135 NA 
12-17 | Mar 1.65 1.2 2.8 5 31 115 NA 
La: New Orleans............. 15-17 | Jan 2.62 1.6 3.7 5 45 260 NA 
15-17 | Feb 2.55 1.8 3.8 5 33 140 NA 
14-17 | Mar 2.58 1.8 3.9 5 49 155 NA 
REE MRicc te cacnancasucane 16 | Jan 1.13 0.6 1.6 5 16 80 0.8 
15-16 | Feb 1.68 0.8 2.2 5 35 120 0.7 
15-17 | Mar 1.60 0.8 1.8 5 26 95 0.6 
N. Y New York City_....-.---- 14-16 | Jan 2.18 1.3 3.7 5 31 195 1.7 
10 | Feb» 2.33 1.9 3.7 5 37 165 2.3 
11-14 Mar 2.34 1.6 3.5 5 28 150 2.3 
N.C 2 ae 16-18 | Jan 1.65 1.0 2.0 5 23 80 NA 
15-18 | Feb 1.47 0.9 1.8 5 28 60 NA 
15-17 | Mar 1.43 0.9 1.4 5 20 50 NA 
ae 15-16 | Jan 1.27 0.8 1.5 5 20 50 NA 
15-18 | Feb 1.51 0.9 2.3 5 20 55 NA 
15-17 | Mar 1.48 1.0 2.2 5 21 60 NA 
Utah: Salt Lake City......._.-- 16 | Jan 1.12 0.8 1.9 5 10 85 0.6 
15-17 | Feb 1.36 0.8 1.9 5 19 80 0.5 
‘ 15-16 | Mar 1.35 0.7 2.3 5 22 90 0.8 
Wash: Seattle____- ie btbil aie ate 15-16 | Jan 1.43 1.1 2.0 5 51 150 0.7 
15-17 | Feb 1.98 1.4 , & 5 36 140 2.6 
14-17 | Mar 1.95 1.2 2.7 5 39 155 1.2 
Institutional averages for teenage Jan 1.66 Bas 2.4 5 27 135 0.9 
girls 13-18 years. Feb 1.73 Bae 2.4 5 28 105 1.2 
Mar 1.80 eT 2.6 5 28 110 1.2 
































® Data for this month were not used in average because food samples were collected from boys as well as girls. 
> Data for this month were not used in average because food samples were collected from two or more children who were less than 13 years of age. 


NA, no analysis. 
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e of 
die Table 4. Institutional diet daily intakes, children (9-12 years), first quarter 1965 
e. Stable elements, g/day Radionuclide intakes, pCi/day 
Location of institution Age | Month | Total weight 
VS a (yrs) | (1965) (kg/day) ‘ : : i 
. Calcium Potassium |Strontium-89|Strontium-90] Cesium-137 | Radium-226 
rirls 
kes DORN” Fs occ kt ee one 10-12 | Jan 1.43 0.9 2.1 5 19 145 0.9 
10-12 | Feb 1.44 0.6 1.6 5 12 115 0.7 
D0ut : 10-12 | Mar 1.33 0.7 1.9 5 23 80 NA 
Ariz: SR ee 12-14 | Jan*® 1.26 0.9 2.1 5 23 95 1.1 
are 11 | Feb 1.27 1.0 2.4 5 36 125 0.¢ 
12-13 | Mar*® 1.21 0.8 1.8 5 24 95 0.8 
1.90 Ark: Little Rock_._.....---- 11-12 | Jan 1.81 1.3 2.2 5 36 90 NA 
3 10-12 | Feb 1.97 1.4 2.4 5 39 90 NA 
10-12 | Mar 2.02 1.2 3.0 5 44 80 NA 
Calif: Los Angeles___...__..-- 10-15 | Jan 1.03 0.5 1.6 5 8 35 1.3 
, 11-13 | Feb 1.24 1.0 2.4 5 21 70 NA 
ined 11-13 | Mar 1.79 1.4 2.7 5 23 35 1.3 
* Colo: PE witebsetcoawaled 10-12 | Jan 1.94 1.4 2.7 5 35 70 1.2 
die- 11-12 | Feb 1.59 0.8 2.5 5 32 70 1.0 
< 10-12 | Mar 2.56 1.8 3.6 5 49 100 2.0 
uirly | Del: Wilmington... ___.._-- 11-12 | Jan 1.86 1.5 3.3 5 22 110 1.1 
r 11-13 | Feb 1.97 1.6 3.5 5 24 160 2.0 
hese 11-12 | Mar 1.93 1.5 3.3 5 27 155 1.0 
Vla: cd cont bcednn 11-13 | Jan 2.06 1.4 2.9 5 35 225 NA 
the 11-13 | Feb 2.36 1.4 4.2 5 19 250 NA 
10-17 | Mar* 2.49 2.0 3.5 5 30 165 NA 
that Ml: ee are 10-12 | Jan 1.62 1.3 2.6 5 19 140 1.0 
10-12 | Feb 1.19 1.0 1.8 5 18 95 1.0 
itrol 10-12 | Mar 1.68 1.3 2.7 5 24 145 0.8 
nd: Indianapolis -_-__-___-_---- 10-12 | Jan 1.77 1.2 2.7 5 19 105 0.7 
10-11 | Feb 1.70 1.5 2.6 5 24 120 0.8 
- 10-12 | Mar 1.57 1.1 2.5 5 17 110 0.9 
‘ \ans: ES peer 10 | Jan 2.27 1.6 3.6 45 34 100 NA 
dily 10-12 | Feb 1.94 1.6 3.5 5 31 95 NA 
10-12 | Mar 1.96 1.6 3.3 5 31 100 NA 
peak § Ma: Baltimore ----..------- 11-12 | Jan 2.08 1.2 2.5 5 31 85 NA 
11-12 | Feb 1.85 1.1 1.8 5 26 90 NA 
both 11-12 | Mar 1.63 1.0 2.3 5 23 80 NA 
‘ Mass: | | es 10-12 | Jan 1.76 1.4 3.2 5 33 200 0.9 
1ons 10-12 | Feb 2.47 1.5 3.5 5 30 200 1.0 
10-12 | Mar 1.78 1.4 2.8 5 32 185 1.2 
Mass axons neue 10-12 | Jan 2.49 1.5 4.0 5 27 150 1.7 
9-12 | Feb 2.56 1.5 3.6 | 5 26 100 1.5 
10-12 | Mar 2.54 1.5 3.3 5 25 125 1.0 
Mich CELLIST TS 11-12 | Jan 1.74 1.4 3.0 5 23 120 1.0 
10-12 | Feb 1.76 1.4 2.6 5 23 115 1.1 
10-12 | Mar 2.04 1.6 3.3 5 24 175 1.6 
Nev Cassea City... ........ 10-12 | Jan 1.32 1.1 1.8 5 15 55 1.5 
10-12 | Feb 1.37 1.8 2.5 5 63 55 2.2 
10-12 | Mar 1.33 0.8 2.3 5 33 55 0.8 
N. Mex: Albuquerque--_-------- 10-12 | Jan 1.69 1.4 2.7 5 15 40 1.2 
10-12 | Feb 2.03 1.4 3.0 5 26 70 1.4 
10-12 | Mar 2.24 1.8 4.0 5 22 65 2.0 
ae cms WO. ncaccckaccccaal 9-12 | Jan 1.25 0.9 5.3 5 19 120 0.6 
10-12 | Feb 1.39 eS 2.4 5 15 95 0.7 
m-226 10-11 | Mar 1.33 a.8 2.4 5 17 85 1.6 
__ § Ohio: SE, o's enenaticns 10-11 | Jan 1.81 1.4 3.1 5 22 155 0.7 
10-11 | Feb 1.61 1.1 2.7 5 16 115 1.3 
0.9 10-12 | Mar 1.62 1.1 2.6 5 21 115 1.3 
0.8 § Okla: Oklahoma City-____----- 11-12 | Jan 1.68 1.3 2.9 5 27 75 NA 
0.9 10-12 | Feb 1.54 0.9 2.5 5 17 55 NA 
NA 11-14 | Mar 1.66 1.2 2.8 5 23 65 NA 
NA § S.C: Charleston...........-- 11 | Jan 2.56 2.3 3.8 25 64 190 NA 
NA 11 | Feb 2.07 1.2 2.9 5 29 125 NA 
NA 11 | Mar 1.13 0.8 1.7 5 18 80 NA 
NA § S. Dak: Sioux Falls____-._----- 10-12 | Jan 1.65 1.5 2.8 5 31 155 1.2 
NA 10-11 | Feb Rowe 1.4 & 5 39 135 1.2 
0.8 9-11 | Mar 1.90 1.3 3.2 5 25 160 1.3 
0.7 Vt: eee 10-12 | Jan 1.53 0.9 2.6 5 21 120 0.8 
0.6 11-12 | Feb 1.46 0.9 2.5 5 22 130 0.7 
1.7 ; 10-11 | Mar 1.38 0.8 2.3 5 19 125 0.6 
2.3 W. Va: ee eee 10-12 | Jan 1.73 1.2 2.8 15 38 110 NA 
2.3 10-12 | Feb 1.90 1.3 3.4 5 32 135 NA 
NA : 10-11 | Mar 1.78 1.4 3.4 5 28 90 NA 
NA } Wyo: J eee 11 | Jan 1.44 1.0 2.9 5 17 95 2.7 
NA 11 | Feb 1.20 1.0 1.7 5 19 55 1.1 
NA 11 | Mar 1.77 1.2 2.7 5 25 95 1.2 
NA ane ew. we A 
NA Institutional averages for children, Jan 1.76 1.3 2.8 5 27 115 1.2 
0.6 9-12 years. Feb 1.74 1.2 a. 5 27 110 1.2 
0.5 Mar 1.77 1.3 2.8 5 26 105 1.2 
0.8 
0.7 
2.6 *® Data for this month were not used to obtain average for younger school children since school had included food samples for two or more children 
1.2 aged 13 years or more. 
_——__—- b “A” and “B”’ denote two separate institutions in Boston. 
0.9 NA, no analysis. 
1.2 
Baa 
of age. 
Data 
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Table 5. Summary of ITDSN intakes for January through March, 1965 


















































Stable elements, g/day Radionuclide intakes, pCi/day 
No. of | Weight 
Sampling groups Month | institu- |(kg/day) ] 
tions Calcium | Potassium |Strontium-|Strontium-| Iodine- Cesium- | Barium- | Radium- 
89 90 131 137 140 226 
cee Jan 16 2.03 1.3 3.0 5 32 0 120 0 1.4 
Feb 17 2.23 1.5 3.2 5 42 0 140 0 1.3 
Mar 16 2.20 1.5 3.2 5 37 0 130 0 1.5 
Teenage girls__.............| Jan 8 1.66 aa 2.4 5 27 0 8135 0 0.9 
Feb 7 1.73 1.1 2.4 5 28 0 105 0 1.2 
Mar 9 1.80 1.1 2.6 5 28 0 110 0 1.2 
i icicaittenccncoed Jan 24 1.76 1.3 2.8 5 27 0 115 0 1.2 
Feb 24 1.74 1.2 2.7 5 27 0 110 0 1.2 
Mar 24 1.77 1.3 2.8 5 26 0 105 0 1.2 
® Includes New Orleans, La., and Seattle, Wash., which had high cesium-137 concentrations relative to other stations. 
REFERENCES (4) whee rg tea agp ec nha ee ee Background 
material for the development of radiation protection 
(1) ANDERSON, E. C. and D. J. NELSON, JR. Sur- standards, Report No. 2. Superintendent of Docu- 
veillance for radiological contamination in foods. ments, U.S. Government Printing Office, Washington, 
i908) J Public Health 52:1391-1400 (September D.C. 20402 (September 1961). Price 20 cents. 
; Recent coverage in Radiological Health Data: 
(2) CHEN, P. S., JR., A. R. TEREPKA, and H. C. Period ° — 
HODGE. The pharmacology and toxicology of the = 
bone seekers. Ann Rev Pharmacol 1:369-396 (1961). July-September 1963 March 1964 
; October-December 1963 July 1964 
(3) GRUNDY, R. D., C. CALVERT, and A. G. January—March 1964 October 1964 
BERGER. Summary of results of Institutional Total April—June 1964 January 1965 
Diet Sampling Network, 1961-1964. To be published July-September 1964 April 1965 
in Rad Health Data. October-December 1964 July 1965 
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Section [1]— Water 


GROSS RADIOACTIVITY, APRIL 1965, AND STRONTIUM-90, 
OCTOBER 1964-MARCH 1965, IN SURFACE WATERS OF THE 


UNITED STATES 


Division of Water Supply and Pollution Control, Public Health Service 


Levels of radioactivity in surface waters of 
the United States have been monitored by the 
Public Health Service Water Pollution Sur- 
veillance System since its initiation in 1957. 
Beginning with the establishment of 50 sam- 
pling points, this system has been expanded to 
include 131 stations. These stations are oper- 
ated jointly with other Federal, State, and 
local agencies, and with private industries. 
Samples are taken from surface waters of all 
major U.S. river basins for physical, chemical, 
biological, and radiological analyses. The sys- 
tem provides background information neces- 
sary for recognizing water quality trends and 
for determining current and general levels of 
surface water contamination and early detec- 
tion of specific situations which may warrant 
more detailed evaluation. Data assembled 
through the system and exact locations of sam- 
pling points are published in annual compila- 
tions (1-8). 


Sampling procedures 


The participating agencies collect one-liter 
“grab” samples each week and ship them “as 
is’ to the Surveillance System Laboratory in 
Cincinnati for analysis. Gross alpha and gross 
beta radioactivity determinations on the sus- 
pended and dissolved solids are performed as 
frequently as deemed necessary. Presently, 
gross alpha and beta determinations are made 
either on monthly composites of the weekly 
samples or on each weekly sample. Weekly 
alpha and beta determinations are scheduled 
for stations located downstream from known 
potential sources of radioactive waste. Weekly 
analyses ure conducted at all newly established 
stations for the first year of operation. Weekly 
analyses are also scheduled for selected sta- 
tions in an effort to detect short-term increases 
in radioactivity from current or recent nuclear 
tests or events. 


October 1965 


Normally, samples are counted within 2 
weeks following collection or within one week 
after compositing. The decay of activity is fol- 
lowed on each sample for which the first analy- 
sis shows unusually high activity. Also, if a 
recount indicates that the original analysis was 
questionable, values based on the recount are 
recorded. All results are reported for the time 
of counting and are not extrapolated to the 
date of collection. 


Analytical methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the eleventh edition of “Standard Methods 
for the Examination of Water and Waste- 
water” (9). Suspended and dissolved solids are 
separated by passing the sample through a 
membrane filter (type HA) with a pore size 
of 0.45 micron. Planchets are then prepared 
for counting the dissolved solids (in the fil- 
trate) and the suspended solids (on the 
charred membrane filter) in an internal pro- 
portional counter. Reference sources of U,0O,, 
which give a known count rate if the instru- 
ment is performing properly, are used for 
daily checking of the counter. 


Results 


Table 1 presents the most recent results of 
alpha and beta analysis of U.S. surface waters. 
The stations on a river are arranged in the 
table according to their relative locations, the 
first station listed being closest to the head- 
waters. These data are preliminary. The figures 
for gross alpha and gross beta radioactivity 
represent either determinations on composite 
samples or means of weekly determinations 
where composites were not made. The monthly 
means are reported to the nearest pCi/liter. 
When all samples have zero pCi/liter, the mean 
is reported as zero; when the calculated mean 
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is between zero and 0.5, the mean is reported 
as <1 pCi/liter. 

A geographical perspective of the radio- 
activity in surface water is obtained from the 
numbers printed near the stations shown in 
figure 1, which gives the average total beta 
activity in suspended-plus-dissolved solids in 
raw water collected at each station. 

It has been observed that in water the na- 
tural environmental beta activity is usually 
several times that of the natural environmental 
alpha activity. Nuclear installations may con- 
alpha or beta activity 
whereas fallout contributes primarily addi- 
tional beta activity. 


Strontium—90 determinations and results 


Radioactivity in raw surface waters, April 1965 


(Average concentrations in pCi/liter) 





Beginning in 1959, strontium—90 analyses of 
the total solids in surface waters were made 
quarterly on 3-month composites of aliquots 
from weekly samples. Beginning in November 
1962, the frequency of analysis was reduced 
to two quarterly samples per year at each sam- 
pling point except at those stations immediately 
below nuclear installations, where regular 
quarterly analyses were continued. The method 
used for determining strontium—90 is a modi- 
fication of a procedure described by Harley 
(10). The yttrium-90 together with yttrium 
earrier is precipitated as yttrium oxalate and 
the latter is washed, dried, weighted, and 











Station 























Animas River: 
Cedar Hill, N. Mex-_- 
Arkansas River: 
Coolidge, Kans.---_-- 
Ponca City, Okla_-_-_- 
Atchafalaya River: 
Morgan City, La-- 
Bear River: 
Preston, Idaho 
Big Horn River: 
Hardin, Mont_------ 
Chattahoochee River: 
Atlanta, Ga 
Chena River: 
Fairbanks, Alaska__-- 
Clearwater River: 
Lewiston, Idaho-_---- 
Clinch River: 
Clinton, Tenn_- 
Kingston, Tenn_- ---- 
Colorado Riv er: 


Boulder Cc ity, Nev. 
Parker Dam, Calif-- 
(a aE SAA 
Columbia River: 
Wenatchee, Wash- -. 
Pasco, Wash........ 
Bonneville, Oreg- - - - 
Clatskanie, Ore 
Connecticut River: 
Enfield Dam, Conn_- 
Coosa River: 


Cumberland River: 
Cheatham Lock, 
_. eae 
Delaware River: 
Philadelphia, Pa- - - - 
Great Lakes: 
Duluth, Minn_----- 
Buffalo, N. Y 
Green River: 
Dutch John, Utah_-- 
Hudson River: 
Poughkeepsie, N.Y -- 
Kansas River: 


De Soto, Kans- - - - -- 


Klamath River: 
Keno, Oreg_------- -- 

Maumee River: 
Toledo, Ohio 

Mississippi River: 
St. Paul, Minn_- 
E. St. Louis, Il_- 
Cape Girardeau, Mo. 
New Roads, i. 


New Orleans, La_--.- 
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Beta activity Alpha activity 
Station 
Sus- Dis- Sus- Dis- 
pended | solved | Total | pended | solved | Total 
Missouri River: 
Williston, N. Dak-_- 10 18 28 2 3 5 
Bismarck, N. Dak-_. 17 18 35 4 4 8 
St. Joseph, Mo---_- 94 21 115 24 4 28 
North Platte River: 
Henry, Nebr-_------ 2 35 37 0 32 32 
Ohio River: 
Toronto, Ohio- ---- 2 5 7 <1 0 <1 
Addison, Ohio- - - -- 9 6 15 2 0 2 
oS aa 13 9 22 4 0 4 
Ouachita River: ; 
Bastrop, La------- 2 13 15 1 1 
Pend Oreille River: 
Albeni Falls Dam, 
Scere 1 5 6 <1 <1 <1 
Platte River: 
Plattsmouth, Nebr- 153 22 175 42 5 47 
Potomac River: 
Washington, D.C__- 0 3 3 0 0 0 
Rainy River: 
Baudette, Minn_-_-_- 5 18 23 <i <i1 <l1 
Red River, North: 
— Forks, N. 
| 11 32 43 1 2 3 
Red River, South: 
Alexandria, La_-_--- 16 13 29 4 0 4 
Rio Grande: 
Alamosa, Colo- ---- 1 7 8 1 1 2 
El Paso, Tex------- 42 25 67 5 1 6 
Laredo, Tex ------- 2 9 11 0 4 4 
Brownsville, Tex- -- 4 11 15 1 4 5 
San Joaquin River: 
Vernalis, Calif - - - -- 3 7 10 1 1 2 
San Juan River: 
Shiprock, N. Mex-- 71 13 84 22 4 26 
Savannah River: 
Port Wentworth, Ga_ 2 8 10 0 0 0 
Shenandoah River: 
Berryville, Va-__---- 2 4 6 0 0 0 
Ship Creek: 
Anchorage, Alaska- 1 1 2 0 0 0 
Snake River: 
Payette, Idaho-_---- 4 8 12 1 2 3 
Wawawai, Wash--- 8 6 14 1 1 2 
South Platte River: 
Julesburg, Colo- - -- 6 54 60 1 42 43 
Susquehanna River: 
Conowingo, Md__-- 1 4 5 0 0 
Tennessee River: 
Chattanooga, Tenn-_ 3 8 11 0 0 0 
Bridgeport, Ala---- 1 7 8 0 1 1 
Wabash River: 
New Harmony, Ind- 10 14 24 2 1 3 
Yellowstone River: 
Sidney, Mont---- -- 88 22 110 25 5 30 
Maximum..--.-.-.------ 153 439 543 42 42 47 
ee 0 1 2 0 0 0 
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Figure 1. Sampling locations and associated total beta activity 


(pCi/liter) in surface waters, April 1965 


counted in a low-background, anticoincidence, 
end-window proportional counter. 

Table 2 presents the results of quarterly 
analyses of strontium-90 concentrations in 
U.S. surface waters for the fourth quarter of 
1964 and the first quarter of 1965. Floyd and 
Weaver summarized the strontium—90 results 
obtained from 1959 through 1963 in the August 
1964 issue of RHD (11). The stations are ar- 
ranged in the table according to their relative 
locations on the river, the first station being 
closest to the headwaters. 


Discussion of results 


The radioactivity associated with dissolved 
solids pr »vides a rough indication of the levels 
which would occur in treated water, since 
nearly all suspended matter is removed by 
treatment processes (12). The Public Health 
Service Drinking Water Standards state that 
in the absence of alpha emitters and strontium— 
90, a water supply is acceptable when the gross 
beta concentration does not exceed 1,000 pCi/ 


October 1965 


liter (13).' In table 1, the following stations 
show relatively high values for alpha and beta 
radioactivity because of parallel high suspended 
solids: Missouri River—St. Joseph, Missouri; 
Platte River—Plattsmouth, Nebraska; and 
Yellowstone River—Sidney, Montana. Other 
stations showing high levels of alpha and beta 
activity were: Mississippi River—New Or- 
leans, Louisiana, and San Juan River—Ship- 
rock, New Mexico. 


While there are no standards for strontium— 
90 activity of total solids in surface waters, the 
Public Health Service Drinking Water Stan- 
dards set the limit for strontium—90 concen- 
trations in drinking water at 10 pCi/liter 
(13). During the fourth quarter of 1964, and 
the first quarter of 1965, this limit was not 
exceeded. Comparison between the two 
quarters is not feasible at all sampling locations 
due to fluctuations in sampling frequencies. 





1 Absence is taken here to mean a negligibly small 
fraction of the specific limits of 3 pCi/liter and 10 pCi/ 
liter for alpha emitters and strontium-90, respectively. 
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Table 2. Quarterly average strontium-90 concentrations in surface waters (concentrations in pCi/liter) 





Station 


Fourth 
quarter 
964 


First 
quarter 
965 


Station 


Fourth 
quarter 
1964 1965 





Allegheny River: 
Pittsburgh, Pa 
Animas River: 
Cedar Hill, N. Mex 
Arkansas River: 
SS SE ee eae ee eee 
Ponca City, Okla 
ES Ea aes 
URS SUI i os date ch oss nae ns nines nied were enend 
Pendleton Ferry, Ark 
Atchafalaya River: 
Morgan City, La 
Bear River: 
Preston, Idaho 
Big Horn River: 
Hardin, Mont 
Big Sioux River: 
Sioux Falls, S. Dak 
Chattahoochee River: 
Ra ER ee, ee en 
ae Se ee ere 
Columbus, Ga 
Chena River: 
Fairbanks, Alaska 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
ES Le ee ee eee ee 
Kingston, Tenn 
Colorado River: 
Loma, Colo 
sda. ale ois inte es erin ca ec siondice a 
ST SS a ee ae 
Parker Dam, Calif.-Ariz 
ails vowed Gan cusinece tauaeniaernd 
Columbia River: 
I Lie. ic ec eb wetdcwcmacancnkne 
Wenatchee, Wash 
I ee sake omen bidgiamecu wed 
I RI SS a aso cig cee ssi cs dso ead eaten 
Bonneville, Ore.........------ EO RE SE 
3 ree aaa: 
Connecticut River: 
a a a i, att a ide amen Seem 
EE EISNER ee 
Enfield Dam, Conn 
Coosa River: 
cw Sacer te toa fo cd can 
Cumberland River: 
Cheatham Lock, Tenn 
Cuyahoga River: 
leveland, Ohio 
Delaware River: 
Martins Creek, Pa 
Trenton, N. J-_- 
Philadelphia, Pa 
Escambia River: 
Century, Fla 
Great Lakes: 
a ca vn sells ts. cnlabisabio nit 
Sault Ste. Marie, Mich 
Milwaukee, Wis 
EE a a re Te eee eee. 
Port Huron, Mich 
Detroit, Mich 
Buffalo, N. Y 
Green River: 
Dutch John, Utah.__._..--- ae ae eee 
Hudson River: 
Poughkeepsie, N. Y 
Illinois River: 
i a al oa ce aed 
Kanawha River: 
Winfield Dam, W. Va 
Kansas River: 
De Soto, Kans 
Klamath River: 
ak io eal isda Wats tah ede aatieece gh bit ha waa 
Little Miami River: 
Cincinnati, Ohio 
Maumee River: 
ike a aics Si dlibidh th bing aay we aceon 
Merrimack River: 
ao aia i annie Rik ends dai aleninake wine are 
Mississippi River: 
RS +e cneknnadidws were annn a ewes 
SN 5c ce dendcunaresanchnagcehn a 
Burlington, lowa 
CRO SS ae ea ee 
Cape Girardeau, Mo 
W. Memphis, Ark 
Vicksburg, Miss 
ee Sa etn omnes 
Pee BN, Doc cc cccecss 
New Orleans, La 
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Missouri River: 
Williston, N. Dak......__-- 
Bismarck, N. Dak 
Yankton, 8. Dak 
Omaha, Nebr........._---_- 
St. Joseph, Mo. ..........-. 
Kansas City, Kans 
Missouri City, Mo 
ee See 
Monongahela River: 
Pittsburgh, Pa__._________ 
North Platte River: 
oe eee 
Ohio River: 
Toronto, Ohio 
Adamson, Obie.............. 
Huntington, W. Va 
Cincinnati, Ohio 
Louisville, Ky......-.__-_- 
Evansville, Ind 
OS eae 
Ouachita River: 
ee 
Pend Oreille River: 
Albeni Falls Dam, Idaho 
Platte River: 
Plattsmouth, Nebr 
Potomac River: 
Williamsport, Md 
G-eat Falls, Md___.....___ 
Washington, D. C 
Rainy River: 
Baudette, Minn___________ 
International Falls, Minn 
Red River, North: 
Grand Forks, N. Dak 
Red River, South: 
Denison, Tex 
= =a 
Bossier City, La 
Alexandria, La 
Rio Grande: 
Alamosa, Colo 
El Paso, Tex 
DI idm icinuenucns 
Brownsville, Tex 
Roanoke River: 
John H. Kerr Resr/Dam, Va 
Sabine River: 
eee 
Sacramento River: 
Greens Landing, Calif 
St. Lawrence River: 
_S *) aa 
San Joaquin River: 
Vernalis, Calif 
San Juan River: 
Shiprock, N. Mex_______--- 
Savannah River: 
North Augusta, S. C 
Port Wentworth, Ga 
Schuylkill River: 
Philadelphia, Pa 
Shenandoah River: 
Berryville, Va 
Ship Creek: 
Anchorage, Alaska- -------_- 
Snake River: 
Payette, Idaho_-_..-.-....-- 
Wawawai, Wash-......._.-- 
Ice Harbor Dam, Wash 
South Platte River: 
Julesburg, Colo. ---.-------- 
Spokane River: 
Post Falls Dam, Idaho 
Susquehanna River: 
Di ile acti sich 
Tennessee River: 
Lenoir City, Tenn 
Chattanooga, Tenn_----_--- 
Breaeepert, Ale............ 
Pickwick Landing, Tenn 
Tombigbee River: 
Columbus, Miss 
Truckee River: 
OO er 
Verdigris River: 
Nowata, Okla 
Wabash River: 
New Harmony, Ind 
Willamette River: 
Portland, Oreg 
Yakima River: 
Richland, Wash_____.___-_- 
Yellowstone River: 
OS eee 
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Comparison with results prior to October 1964 
should take into consideration instrument re- 
calibration which resulted in a lowering of 
strontium—90 values by 15 percent (14). 
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DRINKING WATER ANALYSIS PROGRAM, 1962!' 


Division of Environmental Engineering and 
“ood Protection, and Division of Radiological 
Health, Public Health Service 


The Drinking Water Analysis Program, ini- 
tiated in November 1960, provides data on 
radioactivity levels in the water supplies of 
139 municipalities. This program is conducted 
under the Public Health Service’s Interstate 
Carrier Branch which is responsible for the 
certification of drinking water supplies used by 
Interstate Common Carriers. 

Figure 1 shows the nationwide distribution 
of the 139 municipalities included in the second 
sampling, conducted during 1962. Where more 
than one source of drinking water exists in a 
municipality, each source is sampled. 

The drinking water standards for radio- 
nuclides (1) are conservative in their require- 





1 Summarized from “Drinking Water Quality of Se- 
lected Interstate Carrier Water Supplies, 1962-1963,” 
U.S. Public Health Service, PHS Publication No. 1049-A. 
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Figure 1. Drinking water analysis program 
sampling stations. 


ments so that the total intake of these nuclides 
from all sources is not likely to result in an in- 
take greater than the guidance levels given by 
the Federal Radiation Council (2). 
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Table 1. Radioactivity concentration (pCi/liter) in drinking waters, December 1961-June 1963 
































Sampling location Strontium-90 Alpha activity Beta activity 
' Sampling periods * in total 
. solids 
State City Dissolved Suspended Dissolved Suspended 
Ala: Birmingham 
SE ee per een ee ner 5/4-5/19 —_ — —_ 8.8 <2.0 
0 a aa ea cere 5/2-5/18 — —- — 5.2 <3.0 
Gadsden Rintea ce beeen enenhaadke tana wiiGe 3/14-3/28 —_— — — 14.0 <3.0 
SRR SOR eS TE ee 5/1-5/15 _ _— — 14.0 <3.0 
Conn: TLS RRP ESPEN SE eee ee RS a 12/5-12/18 <1.0 <1.0 <1.0 4.0 1.0 
Del: Wilmington 
NN isthe n a bbs usincinkpeensekedion 9/11-9/24 <1.0 <1.0 <1.0 3.0 <1.0 
OEE ee 10/2-10/15 <1.0 <1.0 <1.0 5.0 <1.0 
Fla: Ft. Lauderdale 
I a i sc ppt Sd shi pet 9/19-10/9 — — — 3.0 3.0 
8, BEERS 5 See eae ee ree Ree ee, 9/19-10/3 —_— —_ _— <3.0 <3.0 
Miami 
EE See ep ne ie oe ree ae Gee 11/8-11/22 — —_ — <3.0 <3.0 
i, ERE ROR Sieg SS ae Re. 11/8-11/22 _ _ —_ <3.0 <3.0 
| ET REE SS ETS RET EN ee Me Me 9/18-10/3 — _ _ 10.0 <3.0 
Ga: Atlanta 
Senenmenenes 01... 5. onc nnn cecnccscced< 3/13-3/29 “— — — 7.9 <3.0 
I i al a ce Se 12/17-1/2/63 _ — —_ 8.8 <3.0 
a ERIS eA eh SARs SRA DS SORE Ee A 1/10/63-1/28/63 — _— — 11.8 <3.0 
Savannah 
pee. ~noomeentio Bunely .. ccc nec cntee 8/2-8/16 — — — 5.9 3.0 
SI he a has dla waitin eine 8/2-8/16 — —_ _ <3.0 <3.0 
Ill: at ee oe ht Sade pw akan ds make ee 6/29-7/13 <1.0 <1.0 <1.0 <1.0 <1.0 
Ind: a ad hiatal Saran ratere ink tends ob aldesce uate 2/19-3/5 - — _ <3.0 <3.0 
A eS hE eee ae oe er Cae 8/6-8/21 <1.0 <1.0 <1.0 4.0 <1.0 
Indianapolis 
I ena da Ss dpsghins iene oligtntetsiaeciel onvckcal been 5/16-5/30 _ —_— _ 12.1 <3.0 
Cs ER RAT A rie: 5/14-5/29 “= a ae 15.0 <3.0 
alla, 3 ie ckhgid wicca tein blacker nveaic cate 5/24-6/7 — — — 19.0 <3.0 
cai rasan ad tigi ph eo i ws eninihonk 8/6-8/20 <1.0 0.0 0.1 0.1 0.0 
Iowa: RE Sree ee Pe ER Cee reer 1/4-1/18 — 1.0 — 9.3 0.3 
Ky: a5. 55 3 sos Gridtnd gt es date a i 6 ae see 3/7-3/21 ~— == _— 22.0 <3.0 
La: EEE 1 oe Wer aaa oes te SEA EA AR Pure 10/24-11/14 —_ — 5.1 <3.0 
SRO RSae ee dene pee eee nae 9/20-10/30 os — 9.4 3.0 
RR ease 11/6-11/20 — — — 7.2 <3.0 
Shreveport 
ID is inca scale mcr aie dns abe aha tech 9/20-10/16 _ --- —_— <3.0 <3.0 
OS , RR eee arr 9/21-10/8 _ —_ — 8.8 <3.0 
Maine: ian chia ik a cee aie tl 10/10-10/26 <1.0 <1.0 <1.0 7.0 <1.0 
Md: Baltimore 
NN i de ie inal wetattn BS 0 gis aw cain alto mata 6/13/63-6/26/63 —_ _— —_ 8.7 <3.0 
Hagerstown 
EEE A EOE 5/14-5/29 — _ 5.8 <3.0 
Petemnse River Stations... ................<<. 5/15-5/28 —_ — —_— 10.0 <3.0 
Mass: cis la eile We ig wake chk ASE ek be choca 2/5/63-2/18/63 <1.0 <1.0 <1.0 .0 <1.0 
Mich: I Sy ey ee ene Sen ed eae 9/10-10/3 <1.0 <1.0 <1.0 3.0 <1.0 
os ln anes cen me etalk aid baad 4/4-4/20 2.4 —_ —_ 16.0 <3.0 
a Ie a vealed aha 9/17-10/2 <1.0 <1.0 <1.0 3.0 <1.0 
a da cari cacn miles de banied backs 4/6-4/23 <1.0 —_ — 7.3 <3.0 
IR 2h tia ne cade cnalg ea oaidee-arelanaies te alenas bos 9/17-9/30 <1.0 <1.0 <1.0 4.0 2.0 
Miss: a he ce id ee ead arate a Ae 10/25-11/9 — — —_ <3.0 <3.0 
| EASES ea 8/13-8/28 —_ _— — 11.4 <3.0 
MN. HH: io a Oo caer cera Semple gala @temiarane em maui 10/15-10/30 <1.0 <1.0 <1.0 6.0 <1.0 
EPS RAIS SRR eee a 10/20-11/2 <1.0 <1.0 <1.0 8.0 1.0 
N. J: a edb a ee rr le 10/10-10/25 <1.0 <1.0 <1.0 .0 <1.0 
ie ny I oc sae wand el ai Wier w roger 8/2-8/17 —_ _ — <3.0 3.3 
Sa Sistas 5th arnt nas toast a gcd asp ae 8/6-8/21 _— —_ — 4.8 <3.0 
N.Y: SE ee ave ne ee ee ee) ene Ny Se 3/27-4/9 2.0 — — 14.0 <3.0 
es a i a eae wad ph cise pattie 9/4-9/18 <1.0 0.0 0.1 3.8 0.4 
New York City 
i Sacto ssiceindey case taiad so eo he me al 2/2-2/19 — _— — <3.0 <3.0 
Ey SR ae 12/3-12/20 <1.0 <1.0 <1.0 8.0 <1.0 
Rochester 
AACE. ESOT 8/29-9/12 <1.0 <1.0 <1.0 6.0 4.0 
a od a Li oles sl Sai 8/30-9/13 <1.0 0.1 0.1 2.2 4.8 
Monroe Co. W. Authority...............---- 8/30-9/15 <1.0 <1.0 <1.0 1.0 <1.0 
IN ik GE in eco aha ebnine iwi d atimnnendi ts 3/22-4/5 — —_ —_ <3.0 <3.0 
Dain pe ebecdendkmunaatvenigend GE sdeawaeaen 4/11-4/28 <1.0 _— — 18.0 4.0 
Bw. ©: tas Scan adinlg ilalelap aise a ae SEA 3/22-4/5 1.6 — _ 19.0 <3.0 
Ohio: 0 EE ae a ee eee eialdaaet cake 2/19-3/4 —_ — = 15.0 <3.0 
SEES ERE ee 8/6-8/20 <1.0 <1.0 <1.0 5.0 <1.0 
a a a ara wien ih Nc ial dos Sa tata Mi 8/6-8/20 <1.0 <1.0 <1.0 5.4 <1.0 
oS ee ee TEN a eater 8/6-8/20 <1.0 0.0 0.1 0.8 0.6 
a a ochiaticubtiandiecnaammennhhthe ase ee ake 2/19-3/7 _— _ —_— 8.1 3.0 
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Table 1. Radioactivity concentration (pCi/liter) in drinking waters, December 1961-June 1963—Continued 














Sampling location Strontium-90 Alpha activity Beta activity 
Sampling periods * in total 
. solids 
State City Dissolved Suspended Dissolved Suspended 
Okla: Oklahoma City 
SEE a rere Seen Pe 4/26-5/14 —_ _— —_ 12.0 <3.0 
I hie SO i 5/3-5/17 -- -_- — 12.0 <3.0 
Pa: ica cionnutewsip ius eda eieeaaeEe 11/28-12/12 <1.0 <1.0 <1.0 1.0 <1.0 
ancaster 
5 ET Pe SL Pee eee: 1/7/63-1/22/63 <1.0 <1.0 <1.0 9.0 <1.0 
Philadelphia 
Belmont Filters (SS-RS) _..-.....----------- 12/21/61-1/6 -- _ -- 11.0 <3.0 
icin cdanuadknncesiennebeieu 12/21/61-1/4 _— _ _ 14.0 <3.0 
Belmont Filters (RS) ....................... 12/21/61-1/6 — ao —- 13.0 <3.0 
: << +32 ee oe a eae 12/21/61-1/4 — — -- 11.0 <3.0 
Dito cack wodalceesnsnnndecmanendbaeenkents 9/4-9/22 <1.0 <1.0 <1.0 3.0 <1.0 
Ss. C: EEE ee ee a re eee 2/11/63-2/26/63 14.8 <1.0 
I hbo cntéevat duusaddascebenets aie 2/17/63-2/22/63 9.6 3.2 
i Se ks dei de cence dn conn teunde 2/21-3/9 — — oa 8.0 1.0 
Tenn: EE ERE ALE POO ONS Se AI EERE 1/25-2/2 —- — 14.0 <3.0 
ES EE ee Sire 2/3-2/18 — —_ — 8.4 <<3.0 
a SE REE aE hae Page ere ere 2/6-2/20 —_ -— = 7.8 <3.0 
Tex Brownsville 
a teal hn 3/9-3/23 _ _ -— 5.3 <3.0 
EP ee er ee 3/9-3/23 — _ — 8.6 <3.0 
hE ERO TIE IE ISAACS 1/15-1/31 —_— _ —_ 11.1 <3.0 
Re SE ke hare gee oe ee 3/1-3/16 — — — 19.0 <3.0 
ERE EGG OIE: 6/14-6/18 _ —_ — 35.0 <3.0 
I chs Daas diced & i cladh eb sicientaiale 5/25-6/9 —_ —_ —_ 16.0 <3.0 
EE TATE FE LES GEILE S., 12/13/61-12/24/61 — — --- 16.0 <3.0 
SESS ER PR RE TNR ey 5/30-6/14 — — — 21.0 <3.0 
I, ic cide nactixionncneenn dxcdilaeauas 5/29-6/13 _— _ —_ 15.0 <3.0 
Vt: RD. d.cccannebnts cma needahadadaenesal 12/11-12/29 <1.0 <1.0 <1.0 5.0 1.0 
Va: Norfolk 
ES ER eee ee 4/9-4/25 _ —_ —_ 21.0 <3.0 
RR TRS Ne Nee Re ES IES 4/9-4/24 1.3 —_ — 20.0 <3.0 
EEE IS a a 3/1-3/17 —_ _ — 5.1 <3.0 
| ____ FEREREE NN  E R RIIRAS EE RASS T= 3/18/63-5/3/63 _ _ — 8.1 <1.0 
Te a a tae on cis wwii eo olla a 6/7-6/22 _ _ _— 6.8 <3.0 
Wis: RR RE SRS af a SESS ir ERP ea 9/17-10/2 <1.0 1 <1.0 3.0 <1.0 
ESSE AR er a ees eee 11/5-11/23 <1.0 <1.0 <1.0 2.0 <1.0 
a inc a dnd cedatiacedinnk dada deka ateweae 10/19-11/1 — 1 <1.0 5.0 <1.0 























* 1962 unless otherwise indicated. 


The standards provide for the approval of 
water supplies, based on their radionuclide con- 
tent, when the water does not contain more 
than 3 pCi/liter of radium—226 or 10 pCi/liter 
of strontium—90. In the absence of strontium- 
90 (much less than 10 pCi/liter), and in the 
absence of alpha emitters (much less than 3 
pCi/liter), the water supply is acceptable when 
the gross beta concentration does not exceed 
1,000 pCi/liter. 

However, a water supply may be approved 
when the limits prescribed above are exceeded 
if it can be demonstrated by surveillance that 
the total intake of radioactivity from all sources 
is within the guidance recommended by the 
Federal Radiation Council for control action. 
When mixtures of radionuclides are present, 
the proportion of each radionuclide to its maxi- 
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mum limit should be considered when evaluat- 
ing the exposure. 

The determinations performed on the se- 
lected carrier supplies are sanitary chemical 
analyses, carbon chloroform analyses, spectro- 
graphic examinations, certain quantitative 
chemical analyses, and radiochemical analyses. 
Each sample to be analyzed for radionuclides 
consists of a composite of three aliquots a day 
obtained over a 2-week period. The analyses 
for gross alpha activity and strontium—90 are 
performed at the Southeastern, Northeastern, 
and Southwestern Radiological Health Labor- 
atories, operated by the Division of Radiologi- 
cal Health. 

The sensitivity of the analytical method re- 
quires that results on some samples be reported 
as “less than” a stated value. In statistically 
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Table 2. Frequency distribution of radioactivity con- 
centrations (pCi/liter) levels in drinking waters, 1962 
(December 1961-June 1963). 


Table 3. Frequency distribution of radioactivity concen- 
tration (pCi/liter) levels in drinking waters, 1961 (Novem- 
ber 1960—-February 1962) 








































































































Strontium-90 activity Dissolved beta activity Strontium-90 activity Dissolved beta activity 
Range from 1.0—2.4 Range from 0.1—35.0 Range from 0.1 to 3.3 Range from 0.6 to 300.0 
Arithmetic mean—1.1 Arithmetic mean—8.9 Arithmetic mean—1.0 Arithmetic mean—7.2 
Total number of supplies—34 Total number of supplies—96 Total number of supplies—27 Total number of supplies—141 
Number of “‘less than’’ values—30 | Number of “‘less than’’ values—11 Number of “‘less than’’ values—8 Number of “‘less than” values—56 
J -~val Number of Interval Number of Interval Number of Interval Number of 
supplies supplies supplies supplies 
0.0-1.9 5 0.0-0.2 4 0.0-1.9 4 
2.0-2.9 2 0.3-0.5 4 2.0-2.9 16 
3.0-3.9 17 0.6-0.8 4 3.0-3.9 67 
<1.0 30 4.0-4.9 5 0.9-1.1 10 4.0-4.9 12 
1.2-1.4 1 5.0-5.9 1l 2.2-1.4 1 5.0-5.9 10 
1.5-1.7 1 6.0-6.9 3 1.5-1.7 0 6.0-6.9 ll 
1.8-2.0 1 7.0-7.9 5 1.8-2.0 2 7.0-7.9 4 
2.1-2.3 0 8.0-8.9 1l 2.1-2.3 0 8.0-8.9 1 
2.4-2.6 1 9.0-9.9 4 2.4-2.6 0 9.0-9.9 1 
2.7-2.9 0 10.0-10.9 2 2.7-2.9 0 10.0-10.9 3 
>2.9 0 11.0-11.9 5 >2.9 2 11.0-11.9 2 
12.0-12.9 3 12.0-12.9 3 
13.0-13.9 1 13.0-13.9 1 
14.0-14.9 6 14.0-14.9 1 
15.0-15.9 3 15.0-15.9 1 
>15.9 13 >15.9 4 
Suspended Dissolved Suspended Suspended Dissolved Suspended 
beta activity alpha activity alpha activity beta activity alpha activity alpha activity 
wt from 0.0— — from 0.0— | Range from  0.1— Range from 0.3 to 35.0 ame from 0.5— ——- from 0.1— 
4. J 1.0 ¥ 
Arithmetic mean—2.4 Arithmetic mean—0.9 | Arithmetic mean—0.9 Arithmetic mean—3.0 | Arithmetic mean—1.5 | Arithmetic mean—0.7 
Total number of sup- | Total number of sup- | Total number of sup- Total number of sup- | Total number of sup- | Total number of sup- 
plies—96 plies—30 plies—29 plies—120 plies—80 plies—66 
Number of “‘less than’’ | Number of “‘less than’”’ Number of “‘less than’”’ Number of “‘less than’’ | Number of “‘less than”’ | Number of “‘less than” 
values—78 values—25 values—25 values—116 values—70 values—62 
Interval |Number of} Interval |Number of} Interval |Number of Interval |Number of} Interval |Number of| Interval |Number of 
supplies supplies supplies supplies supplies supplies 
0.0-0.9 4 0.0-0.4 4 0.0-0.4 4 0.0-0.9 2 0.0-0.4 : 0 0.0-0.4 2 
1.0-1.9 26 0.5-0.9 0 0.5-0.9 0 1.0-1.9 15 0.5-0.9 69 0.5-0.9 61 
2.0-2.9 1 1.0-1.4 26 1,0-1.4 25 2.0-2.9 7 1.0-1.4 0 1.0-1.4 1 
3.0-3.9 64 >1.4 0 >1.4 0 3.0-3.9 93 >1.4 11 >1.4 2 
>3.9 1 >3.9 3 
treating the data, the full “less than” value is REFERENCES 


used. The effect of this is to place an upper 
limit on the results, which is quite satisfactory 
for surveillance and control action. 

Table 1 presents data from the 1962 sam- 
pling, which was conducted from December 
1961 to June 1963. In table 2, the same data 
are arranged to facilitate rapid visual compre- 
hension, and in table 3, the data from the 1961 
sampling (conducted from November 1960 to 
February 1962), are similarly arranged (3, 4). 
Each item is shown in terms of its nationwide 
frequency distribution, range and mean. Also 
presented are the total number of supplies 
which provide the data, and the number of “less 
than” (<) values. 
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(1 DEPARTMENT OF HEALTH, EDUCATION, 
AND WELFARE, PUBLIC HEALTH SERVICE. 
Federal Register Rules and Regulations, Title 42, 
Public Health Chapter 1, Part 72, Interstate Quaran- 
tine, Subpart J, Drinking Water Standards: 2154- 
2155 (March 6, 1962). 


(2) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protection 
standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). Price 20 cents. 


(3) PUBLIC HEALTH SERVICE. Radioactivity in 
drinking water, 1961. Rad Health Data 3:157-158 
(May 1962) : 254-255 (August 1962) : 411-412 (Octo- 
ber 1962) ; 4:37-39 (January 1963). 


(4) PUBLIC HEALTH SERVICE. Drinking water 
quality of selected Interstate carrier water supplies, 
1960-1961. PHS Publication 1049 (June 1963). 
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RADIOLOGICAL SURVEY OF THE LOWER COLUMBIA RIVER IN 
OREGON, AUGUST 1963-JULY 1964: 


George L. Toombs? 


The Lower Columbia River Radiological 
Survey in Oregon was initiated in June 1961, 
with routine sample collection and analyses 
beginning in January 1962. This Survey is 
jointly funded by the Oregon State Board of 
Health and the Division of Radiological Health, 
U.S. Public Health Service.* The major ob- 
jective is to determine and monitor the distri- 
bution of radionuclides in environmental media 
in the lower Columbia River and along the 
Oregon seacoast. 

Hanford Atomic Products Operation, the 
major source of the radionuclide contaminants 
observed, is located on the upper Columbia 
River at Richland, Washington (see figure 1) 
and consists of a 500-square-mile complex of 
nuclear reactors, fuel fabrication plants, chemi- 
cal separation facilities, and research and 
development laboratories. The Hanford reactor 
cooling waters add radioactivity to the Colum- 
bia River at a rate of several thousand curies 
per day. Hanford conducts an extensive envi- 
ronmental radiation surveillance program with 
Vancouver, Washington, being the farthest 
downstream location where river water and 
biota are sampled monthly. 

This Lower Columbia River Study extends 
on a monthly basis, the radiological surveil- 
lance in the Columbia River to its confluence 
with the Pacific Ocean at Astoria, Oregon, and 
along the Oregon seacoast. During the period 
1961-1963 the University of Washington, De- 
partment of Radiation Biology, maintained a 
routine sampling program along the Oregon 
seacoast. Routine monthly surveillance in this 
area is now provided by this Lower Columbia 
River study. 





*Summarized from “Lower Columbia River En- 
vironmental Radiological Survey in Oregon, 1963- 
1964,” Division of Sanitation and Engineering, Oregon 
State Board of Health. 

*Mr. Toombs is Chief Radiochemist, Division of 
Sanitation and Engineering, Oregon State Board of 
Health. 

*This work was performed by the Oregon State 
Board of Health under Contract No. SAph 76874 
between the U.S. Public Health Service and the Oregon 
State Board of Health. 
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In addition to the Hanford surveillance pro- 
grams and this Lower Columbia River study, 
other surveillance and research programs, con- 
cerned with the ecological factors and fate of 
radioactivity originating from Hanford, are 
supported by the U.S. Atomic Energy Com- 
mission and the U.S. Public Health Service. 
The areas involved in these programs are the 
Columbia River itself and beyond its mouth as 
far as 500 miles into the Pacific Ocean. Agen- 
cies involved in these studies are the University 
of Washington, Oregon State University, 
Washington State Department of Health, U.S. 
Geological Survey, Army Corps of Engineers, 
and the Bureau of Commercial Fisheries. 

The data obtained from this Lower Columbia 
River Study, the Hanford surveillance pro- 
gram along with data on radioactivity in Wash- 
ington and U.S. Surface Waters, are published 
routinely in Radiological Health Data (1-4). 


Sampling procedures 


The following criteria were used in the selec- 
tion of sampling locations: (1) availability 
of samples which could be used to describe the 
concentrations of the radionuclides present in 
the environment; (2) accessibility on a year- 
round basis, and (3) avoidance of needless 
duplication of the sampling efforts of similar 
programs. 

Samples were obtained on a monthly basis 
from five regular Columbia River and Oregon 
seacoast locations. Sampling during prior per- 
iods at John Day Dam and Arlington was dis- 
continued early in 1964 due to construction in 
those areas which caused significant changes in 
environmental conditions at the sampling lo- 
cations. In addition to the monthly sampling, 
a comprehensive sampling survey was con- 
ducted during April 1964 along the Oregon 
seacoast extending southward to Yaquina 
Bay. The sampling stations in this survey were 
previously used during the period 1961-1963 
for: similar sampling by the University of 
Washington, Department of Radiation Biology. 
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Figure 1. Columbia River study sampling locations 


Water samples were collected in two-liter 
polyethylene bottles, as far out from the shore 
as was practical. Two milliliters of concen- 
trated hydrochloric acid were added to each 
sample to prevent plating of the radionuclides 
onto the container surfaces and to keep dis- 
‘solved substances in solution. Sediment sam- 
ples were collected by scooping up approxi- 
mately one liter of the top inch of deposits. 
Sediment and algae samples were collected 
from the shallow water along the shoreline, 
except at Tillamook Bay, where samples were 
collected on a mud flat which was accessible at 
low tide. Crab and oyster samples were ob- 
tained by purchase from local producers while 
all other shellfish were hand-gathered. 


Analytical procedures 


Samples were routinely analyzed utilizing 
gamma spectrometry, within one week after 
collection. Water, sediment, and algae samples 
were gamma-scanned in their original state. 
Shellfish samples were counted with the shell 
removed and included all soft parts and body 
liquids, but excluded mantle liquid. The edible 
portions of the crab, clam, and oyster samples 
were counted with normal tissue liquid. The 
usual counting periods were 100 minutes; how- 
ever, some low-activity samples were counted as 
long as 800 minutes to achieve good counting 
statistics. All radionuclide concentrations were 
extrapolated to the date of collection. 
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Calibration and counting efficiencies for the 
gamma spectrometer system were determined 
by the use of standard liquid radionuclide 
sources. To eliminate the contribution to a 
given photopeak from higher-energy interfer- 
ing radionuclides, Compton scatter corrections 
were calculated using the data from the stand- 
ard radionuclide spectra. By approximating 
the portion of the count rate in the photopeak 
caused by Compton scattering due to the ac- 
tivity of the higher-energy radionuclide, cor- 
rections were made for this interference. In- 
terference from higher-energy radionuclides 
not in the analysis scheme was not compen- 
sated for in the calculations and, if present, 
would cause the radionuclide concentrations 


reported to be somewhat higher than the true 
value. 


For determining the gross alpha and gross 
beta activity of water, a 500-ml aliquot of a 
sample previously gamma-scanned was evap- 
orated to dryness on a 2-inch planchet and 
counted in a gas-flow internal prvuportional 
counter utilizing a two-inch detector. The min- 
imum detectable gross beta activity is approxi- 
mately 10 pCi/liter; the limit for gross alpha 
analyses is less than 1 pCi/liter. The gross 
alpha and beta results are not corrected for 
decay since the concentrations of specific alpha- 
and beta-emitting radionuclides were not 
known. Due to the high concentrations of dis- 
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Table 1. Summary of radioactivity in water samples, Columbia River study 
(Concentrations in pCi/liter) 



































Gross Beta 
103Ru+ 
Location and number of samples Value oK Zn /%Zr%Nb) Ru 51Cr 
Sus- Dis- 
pended | solved 

Umatilla (1) 23 158 <170 86 <13 15 11,000 
Min. <10 115 <170 <35 <13 <10 8 ,400 
Arlington (3) Ave. 12 151 134 105 <13 12 9,146 
Max. 19 215 233 157 <13 15 9 ,600 
‘Min. <10 115| <170| <35| <13 <10| 5,800 
John Day Dam (2) Ave. <10 135 <170 <35 <13 <10 8 ,050 
Max. 11 155 <170 <35 <13 <10 10 ,300 
Min. <10 15 <170 <35 <13 <10 1,175 
Rooster Rock (14) Ave. 14 <170 42 <13 <10 3,438 
Max. 34 205 267 75 <13 13 5,760 

Min. <10 <10 <170 <35 <13 <10 
Goble (12) Ave. 12 54 <170 <35 <13 <10 2,078 
Max. 34 141 238 43 15 <10 3,550 
oe Min. <10 13| <170| <35| <13| <10| 1,029 
Beaver Army Terminal (12) Ave. 15 53 <170 35 <13 <10 2,439 
Max. 51 84 <170 81 <13 <10 4,670 

Min. <10 22 <170 <35 <13 <10 
Astoria (12) Ave. <10 s 48 <170 <35 <13 <10 1,614 
Max. 27 380 175 37 <13 16 2,480 
Ft. Stevens (1) <10 184 <35 <13 <10 <100 
Min. <170 <35 <13 <10 <170 
Tillamook Bay (11) Ave. b 810 <170 <35 <13 <10 <170 
Max. 820 284 <35 <13 <10 408 





























® Saltwater samples not included in average. 
b Average of 2 samples. 


solved solids, sea water samples were omitted 
from the alpha and beta analyses. 


Results 


The gross alpha activity for all water sam- 
ples collected between August.1963 and July 
1964 was below the minimum detectable con- 
centration of 1 pCi/liter. The gross beta ac- 
tivity concentrations in the Columbia River 
water samples are summarized in table 1. In 
general, the concentrations were observed to 
decrease with increasing distance from the 
Hanford reactors (see figure 2). In addition, 
the data tended to confirm the expected de- 
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Figure 2. Average gross beta and chromium-51 
concentrations in Columbia River water, 
August 1963—-July 1964 
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crease in concentrations during the summer 
months because of high dilution as the result 
of the increased summer flows in the Columbia 
River. All concentrations were below the maxi- 
mum permissible concentrations recommended 
by the International Commission on Radiologi- 
cal Protection (5). For water from all dietary 
sources, the following ICRP standards are 
given for the population at large: © Zn, 10,000 
pCi/liter; °° Zr—° Nb, 20,000 pCi/liter; *°* Ru, 
27,000 pCi/liter; and ™ Cr, 670,000 pCi/liter. 

Columbia River bottom sediments were 


* found to contain comparatively high levels of 


radioactivity (table 2). Since radionuclide 
concentrations are dependent upon the char- 
acteristics of the sediment, the sediments col- 
lected were arbitrarily classified into different 
types and numbered 2 to 5, fine to coarse for 
aiding in the intercomparison of data. 

The neutron activation radionuclide zinc—65 
was observed in readily detectable concentra- 
tions in the biological samples collected: algae 
(table 3), and shellfish (table 4) shown in fig- 
ures 3 to 6. Although these data represent sig- 
nificant concentrations of zinc—65, the amount 
consumed by the general public resulting from 
eating these shellfish would be far below the 
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maximum permissible intake.Use of the guides, 
recommended by the International Committee 
on Radiation Protection for total body expos- 
ure for the general population, implies a per- 
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missible intake rate of 8 x 10° pCi/year for 
zinc-65. Considering the average concentra- 
tion of zinc—65 in crab and oysters during this 
period (15 pCi/gram), the permissible intake 


Table 2. Summary of radioactivity in sediment samples, Columbia River study 


(Concentrations in pCi/gram wet or drained weight) 
































Number Usual 3Ru+ 
Location o sed. Value 40K 65Zn %Zr 8Nb 106Ru 
Samples type 
Min. 15.8 2.5 0.4 <0.1 
John Day Dam 2 Ave. 16.0 4.6 0.5 0.3 
Max. 16.2 6.7 0.6 0.5 
Min. 28.9 28.3 1.3 1.4 
Arlington 2 5 | Ave. 31.0 31.4 1.8 1.6 
Max. 33.0 34.5 2.2 1.7 
Min. 12.9 0.9 0.2 0.2 
Rooster Rock 13 5 | Ave. 15.6 11.2 1.4 0.6 
Max. 20.8 36.0 8.1 1.4 
Min. 12.8 RB . 0.3 0.2 
Goble 12 5 | Ave. 21.1 22.4 2.0 1.0 
Max. 54.5 99.6 6.7 3.9 
Min. 11-3 3.4 0.4 0.3 
Beaver Army Terminal 10 5 | Ave. 19.2 22.2 2.0 1.4 
Max. 41.1 128.0 8.2 om 
Min. 9.8 1.5 0.5 0.7 
Astoria 8 3 | Ave. 16.2 19.6 4.2 1.6 
' Max. 25.0 42.3 11.0 3.6 
Min 
Ft. Stevens 1 Ave. 10.8 0.3 0.3 0.1 
Max 
Min 9 0.1 0.3 0.2 
Tillamook Bay 9 3 | Ave. 11.2 0.3 S28 0.8 
Max. 13 0.6 6.1 2.1 























Table 3. Summary of radioactivity in algae samples, Columbia River study 


(Concentrations in pCi/gram wet or drained weight) 





























Number 103Ru+ 
Location Algae type of Value 4K Zn |%S%ZrS8Nb) Ru 5iCras 
samples 
Min. 25.5 22.3 | <0.17 0.2 710 
Goble Cladophora species 10 | Ave. 43.3 88.2 6. 4.2 1,230 
Max. 89.2 160.5 17.4 10.4 1,680 
Min. 39.4 93.4 BO 2.2 
Goble Green attached moss 2 | Ave. 40.9 106.8 4.6 4.1 
Max. 42.4 120.1 8.0 6.0 
5 Min. 18.9 37.5 3.3 1.8 480 
Beaver Army Terminal | Cladophora species 10 | Ave. 32.8 54.0 7.8 3.3 1 ,203 
Max. 63.7 135.0 15.7 6.9 1,620 
/ Min. 6.6 7.3 0.6 0.5 250 
Astoria Cladophora species 7 | Ave. 18.9 27.5 8.4 2.3 950 
Max. 35.7 45.9 32.0 7.0 1,550 
Min 
Fort Stevens Zostera marina 1 | Ave 9.6 1.2 1.6 0.1 2.8 
Max 
’ Min 1.8 0.1 0.6 0.2 
Tillamook Bay Zostera marina 5 | Ave 2.8 0.2 1.5 0.4 
Max 3.4 0.4 2.4 0.5 
Min 4.7 0.2 0.2 0.2 
Tillamook Bay Fucus furcatus 6 | Ave. 6.3 0.3 0.8 0.4 
Max 9.8 0.7 1.3 0.7 
” Min 2.9 0.3 0.3 0.2 
Tillamook Bay Enteromorpha 2 | Ave. 4.9 0.4 0.6 0.4 
compressa Max 6.9 0.6 0.9 0.6 





























® Three samples. 
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Figure 3. Concentrations of radionuclides in Dungeness crab collected 


at Astoria 
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Figure 4. Concentrations of radionuclides in Dungeness 


at Tillamook Bay 
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Figure 5. Concentrations of radionuclides in Pacific oysters collected 


at Tillamook Bay 
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Figure 6. Concentrations of radionuclides in soft shell clams collected 


at Tillamook Bay 
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Table 4. Summary of radioactivity in shellfish samples, Columbia River study 
(Concentrations in pCi/gram drained weight) 









































Number 103Ru+ 
Sample type Location of Value 40K Zn |S%ZrSNbi Ru 
Samples 
Astoria 9 | Min. 3.2 12.2 <0.1 0.1 
Ave. 2.1 16.9 0.1 0.2 
Max. 3.0 20.7 0.2 0.3 
Min. 1.2 9.4 <0.1 0.1 
Dungeness crab Tillamook Bay 10 | Ave. 1.8 12.1 <0.1 0.2 
Max. 2.2 16.1 0.2 0.2 
Alaskan Southern Min. 1.9 <0.2 | <0.06 <0.04 
Coastal Area ® 2 | Ave, 2.1 <0.2 | <0.06 <0.04 
Max. 2.3 <0.2 | <0.06 <0.04 
Min. 1.3 9.6 <0.1 0.2 
Tillamook Bay bil | Ave. 2.1 14.6 0.1 0.3 
Pacific oysters Max. 3.2 22.1 0.3 0.4 
Yaquina Bay 1 1.5 2.3 <0.1 <0.1 
Razor clams (Siliqua species) | Seaside 1 3.9 23.8 
Soft shell clams (Mya Min. 1.8 0.9 0.1 0.1 
arenaria) Tillamook Bay 11 | Ave. Su0 1.4 0.4 0.3 
Max. 3.5 2.1 1.0 0.4 
Cannon Beach 1 2.9 20.0 0.2 0.4 
Min. .. |- 2.8 17.1 0.2 0.5 
Mussels (Mytilus) Nehalem River Jetty 2) Ave. 3.0 18.6 0.2 0.5 
Max. 3.3 20.2 0.2 0.5 
Agate Beach 1 2.0 5.0 <0.1 0.3 
Snails (Thais) Nehalem River Jetty 1 3.0 41.5 0.3 0.6 


























® This data has been added for the purpose of comparison. 


b Three samples. 


of 8 x 10° pCi/year would be reached only 
after consuming in excess of 1,000 pounds of 
these shellfish over the period of one year. 

In summary, the radionuclide concentrations 
measured during the period August 1963. to 
July 1964 required no action other than con- 
tinued surveillance to insure that the levels of 
radioactivity in this environment were neither 
too high relative to ICRP standards nor in- 
creasing too rapidly. 
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[ODINE-131 IN BOVINE THYROIDS, OCTOBER-DECEMBER 1964 


Edmond J. Baratta, Edward R. Williams,? and 
George Murray * 


To supplement existing environmental radia- 
tion surveillance systems, the Division of 
Radiological Health established a bovine thy- 
roid collection and analysis system on a regular 
network basis in the fall of 1964. Iodine—131 
levels in bovine thyroids were previously inves- 
tigated in a pilot study (1, 2). Specimens are 
collected by the Meat Inspection Division, U.S. 
Department of Agriculture, and analyzed for 
iodine—131 content at the Northeastern Radio- 
logical Health Laboratory, Winchester, Mas- 
sachusetts. 

The network consists of collection areas 
(figure 1) located so as to cover, as nearly as 
possible, areas near major nuclear reactors, 
spent-fuel reprocessing plants, and nuclear 
testing sites. In addition, most of the bovine 
thyroid sampling areas overlap the milksheds 
serving the metropolitan areas participating in 
the Pasteurized Milk Network (3), and are 
near a station of the Radiation Surveillance 
Network (4). The thyroid sampling program 
is designed to permit intercomparison with 
the data from these two networks. 

Thyroid specimens are generally obtained 
from dairy cows which have been found to be 
either brucellosis or tuberculosis reactors and 
are therefore being sent to slaughter. For such 





1Mr. Baratta is Director of Analytical Services, 
Northeastern Radiological Health Laboratory, Division 
of Radiological Health, Public Health Service, DHEW, 
109 Holton Street, Winchester, Massachusetts. 

2 Mr. Williams was Laboratory Coordinator, Division 
of Radiological Health, Public Health Service, DHEW, 
Washington, D.C., during this investigation. 

’ Dr. Murray is Staff Officer for Procedures and Re- 
quirements, Meat Inspection Division, Agricultural 
Research Service, U.S. Department of Agriculture, 
Washington, D.C. 
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animals, a history of their recent forage is 
readily available, and they are usually killed 
within 2 to 3 days after leaving the dairy farm. 
Where such specimens are not available, thy- 
roids from “cutters and canners” cattle are 
used. These animals are also usually slaugh- 
tered near the areas in which they have grazed. 


Sample collection and analysis 


As they become available at slaughter 
houses, the thyroids are placed in small glass 
vials (containing paraformaldehyde), and are 
shipped to the Northeastern Radiological 
Health Laboratory. Accompanying each sam- 
ple is a tag containing information on the age 
of the cow, area from which she came, and the 
date of slaughter. 


At the Laboratory, the samples are assayed 
for iodine-131, using a 3— x 3-inch Nal(TI) 
well crystal and a multichannel gamma spec- 
trometer, A sample changing unit permits the 
automatic counting of 100 samples, with the 
data recorded on a punched-tape read-out. 
Since counting efficiency varies with sample 
volume, each sample is weighed and this 
weight is used to estimate the counting effi- 
cieny. The iodine—-131 activity is calculated in 
terms of picocuries per gram of thyroid and 
corrected for decay back to noon of the 
slaughtering date. For purposes of quality con- 
trol, 10 percent of the samples are analyzed a 
second time and, for those samples containing 
significant activity (i.e., above 50 pCi/g), 
decay curves are plotted. 
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Table 1. Iodine-131 in bovine thyroids 

















Origin by State Date of | Approximate | Iodine-131, Counting Origin by State Date of | Approximate | Iodine-131, Counting 
and county slaughter| age or range Ci/g error * and county slaughter| age or range Ci/g error * 
(1964) | of ages, years thyroid (1964) | of ages, years thyroid 
Calif: 11/10 8 88.96 2.45 
Los Angeles__-----.- 11/6 3-4 (>) (2) 11/13 3y9mo 35.25 1.65 
11/19 6 (>) (2) 11/16 8 y6 mo 31.36 1.61 
IS co ncacdoareccmcg 12/17 5-6 (>) (2) 11/16 5y6mo 39.25 1.78 
ee 12/21 4 b (2) 11/16 7 3.55 1.95 
San Joaquin__--_--- 12/23 4 (>) (1) 11/16 8 17.58 1.28 
11/17 11 2.51 1.76 
Yolo: 12/1 2 8.46 1,49 
Arapahoe----__..-- 11/11 (ec) 55.80 2.26 12/1 4 11.46 1.53 
11/18 5 93.38 2.54 12/7 6y6mo (>) (1) 
eee 11/11 4y6mo 121.74 2.30 12/8 7-14 (>) (2) 
Cain. cdoonoee 11/19 4 26.44 2.33 12/8 6 11.41 9.72 
Cheyenne.-_-_____- 11/6 4y6mo 74.87 1.68 12/9 3-9 (>) (5) 
11/6 4y10mo 62.41 1.63 12/9 14 14.99 7.77 
: 11/6 4y6mo 25.52 1.19 12/9 14 15.02 9.44 
rn Be Se: 11/10 9 28.54 1.62 12/9 7 7.23 5.62 
11/10 9 23.09 2.15 12/9 12 12.39 9.81 
11/10 9 23.08 1.43 12/9 6 20.30 8.09 
ae eee 12/3 3y6mo (>) (1) Jackson. ......... 10/6 3 y6mo (1) 
Is ariitss edna ome 10/21 2y6mo 1.70 0.91 OS EE FC 4y6mo (>) (1) 
eee FY 4-7 (®) (9) 11/10 8 4.74 1.14 
12/8 5y 6mo 10.31 4.40 11/10 8 115.84 2.51 
eer 12/4 5 b) (1) 11/10 10 37.73 1.61 
| NaN Sci 10/29 6 y 6 mo 2.98 1.96 11/20 3 23.39 1.21 
ES Ee 12/11 7 17.69 6.04 EE 11/21 5y6mo 20.69 1.59 
Be 10/23 6y4mo (>) (3) | 10/19 6-9 (>) (2) 
Unknown -..-...--- 10/28 7 0.96 0.52 10/26 3 (>) (1) 
ee 11/13 4 57.77 1.78 11/10 7y6mo 50.97 1.68 
11/13 4 24.93 1.50 IR aaah ceca ceed 11/6 2y3mo 30.05 1.64 
N.Y: ’ 
Effingham - --.---- 11/2 6 1.85 0.73 Cattaraugus ------- 11/3 13 145.64 3.22 
11/2 6 4.17 0.67 11/3 11 0.44 0.72 
11/2 7 3.25 0.57 11/3 9 280.14 3.54 
11/2 6 2.71 1.13 11/3 10 39 .06 2.06 
11/2 7 1.23 0.80 11/14 13 77.30 1.72 
11/2 6 2.69 1.06 11/14 13 82.38 2.75 
11/2 6 3.97 0.82 12/17 |12-12y8mo (>) (5) 
11/2 6 3.21 0.97 . 12/24 |12-12y6mo (>) (6) 
Ee 12/2 6 (b) (1) 12/31 12 2.50 2.11 
12/2 7 3.97 1.42 12/31 |12-12y8mo (>) (6) 
12/2 7 6.10 0.92 Chautauqua.-.------ 10/28 9-10 (>) (2) 
12/3 7 8.21 0.77 10/28 12 6.54 1.11 
12/3 5 5.25 1.18 10/28 14 82.45 1.66 
EE: 11/21 10 1.14 0.74 11/5 9 () (1) 
Sep 10/23 4 (>) (1) 11/5 10 14.45 1.11 
BHareleoa......... 11/13 yg 35.33 1.53 11/5 ll 6.92 0.78 
EC 11/12 6 35.78 1.58 a ee 10/23 y 2.45 0.48 
Washington___-__-- 11/27 6 11.65 1.42 10/23 10-13 (>) (3) 
Whitfield________- 11/13 4 23.24 1.27 10/29 10 11.31 1.32 
11/27 2y6mo 11.56 1.26 10/29 10 31.22 1.65 
11/27 ly6mo 24.42 1.55 10/29 8 173.88 1.99 
Wek con teucke 10/23 6 (>) (1) 11/5 12 34.02 1.72 
11/12 7 3.67 0.87 11/12 9 13.25 1.35 
11/19 8 14.93 1.10 11/12 ll 49.07 1.13 
11/19 9 31.02 1.53 11/12 8 16.43 1.15 
12/3 2 17.19 1.04 11/12 10 28.22 1.49 
12/3 4 15.93 1.28 11/19 4 (>) (1) 
11/19 8 10.33 1.02 
Idaho: 11/19 8y9mo 8.32 1.06 
I es Sar ae 11/17 7 13.58 0.83 11/27 10 2.98 0.87 
Ee 12/7 5 (1) 11/27 3y6mo 58.78 0.67 
12/7 5 10.37 4.52 11/27 5y 6mo 7.25 0.99 
12/7 5 4.75 3.77 11/27 8 (°) (1) 
12/7 5 9.50 4.21 11/27 7 7.45 0.87 
11/27 5y 4mo 5.23 0.74 
Ill: 12/3 8 y 6 mo 5.05 0.92 
ici ethos 12/10 4 (») (1) 12/3 9y9mo 5.41 0.96 
12/3 7 6.21 0.36 
Iowa 12/3 5 3.91 1.54 
Se 11/18 3 19.38 3.60 12/3 8 1.16 0.77 
12/3 6 (>) (1) 
Kans: 12/3 9 3.41 3.41 
ee 10/29 4 12.14 1.73 12/10 7 4.19 3.33 
EE. 11/18 4 55.78 1.62 12/10 8-12 (>) (3) 
CRE T= 11/18 2 4.36 1.67 
12/23 3 2.72 1.11 |} Minn 
Pottawatami --- - -- (c) 4 1.96 0.56 Pinoccsbbacéecne 11/3 8 34.51 0.97 
(c) 5 2.17 0.32 
(ec) 4 0.61 0.43 || Mont: 
(c) 6 (>) (1) a 11/18 6 12.97 1.15 
ee 12/23 3 (>) (3) 
Wyandotte______-- 12/23 3 (>) (3) 8S. Dak 
Ee baactuhtedased 12/2 2 9.78 1.33 
Ky: 12/2 2 10.21 2.25 
NR a wicca uae 12/2 4 11.31 1.99 12/2 2 1.81 1.73 
12/2 7 12.40 1.13 12/2 2 1.78 1.15 
12/2 6 7.99 1.15 12/2 2y6mo 6.42 2.03 
12/2 6 (>) (1) 12/2 2 9.10 1.24 
12/2 ly6mo 6.79 2.04 
Miss: a Ae ae 11/18 9 (>) (1) 
eR 10/9 6-7 ) (2) 
10/23 5-8 (>) (4) Tenn: 
10/26 6-10 (>) (4) eee 12/2 6 2.26 1.46 
11/6 3 y6mo 28.11 1.54 eee 11/27 5 16.45 1,26 
11/6 3y6mo 25.66 2.87 11/27 7 5.43 0.69 
11/10 6 93 .40 2.16 11/27 8 10.92 0.79 
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Table ft. 


Iodine-131 in bovine thyroids—Continued 
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Or’gin by State Date of | Approximate | Iodine-131, Counting Origin by State Date of | Approximate | Iodine-131, Counting 
and county slaughter| age or range Ci/g error ® and county slaughter| age or range i/g error,* 
(1964) | of ages, years thyroid (1964) | of ages, years thyroid 
Tenn: (Continued) Wash: 
| “eae 12/2 6 15.71 1. eae 11/19 5y5mo (>) (2) 
12/2 6 29.60 1.27 11/19 4 4.35 1.33 
12/2 7 22.80 1.40 11/19 5 9.76 1.68 
a re ere 12/2 6 3.23 0.89 11/19 5 17.51 2.03 
7 ees 12/2 7 29.10 1.56 Walla Walla- ----- 12/14 4 2.00 1.93 
12/14 5 2.55 3.28 
Tex: 12/14 3 5.01 1.93 
eee 12/4 9 (>) (1) 12/14 5 4.07 3.23 
Johmeo®........«. 11/12 4 (b) (1) 12/31 5 7.72 2.73 
11/12 5 4.43 1.30 12/31 4-7 (>) (8) 
PEGE. 6 ccciwnmesa 10/21 4-6 (>) (5) 12/31 5 3.99 3.61 
Seah: 12/31 5 4.51 3.46 
Sox Widw......:. 11/7 5 (>) (1) Wis: 
11/7 5 4.26 0.79 ae 11/14 6 49.52 2.04 
CRE. «cuando 11/12 5 27 .89 1.39 11/16 3 1.80 0.98 
11/12 5 15.35 1.24 11/16 3 31.59 1.81 
11/12 5 (b) (1) 11/16 3 22.72 1.59 
11/12 5 19.00 0.94 11/16 3 21.35 1.50 
11/12 5 12.18 0.97 11/16 3 30.22 1.85 
11/12 5 35 .52 1.71 11/16 8 13.84 1.10 
11/12 5 17.21 1.26 11/16 3 50.10 1.95 
11/12 5 27 .52 1.53 11/16 3 7.87 1.31 
11/13 5 (>) (2) 11/16 3 3.15 1.13 
11/13 5 1.09 0.85 11/16 3 3.04 1.26 
11/13 5 1.09 0.98 11/16 5 18.09 1.29 
11/14 4 38.33 1.71 11/16 5 10.62 1.40 
11/14 4 40.53 1.57 11/16 3 25.21 1.37 
11/14 4 46.41 1.53 11/16 6 6.16 1.92 
11/14 4 28.61 1.07 11/16 6 14.09 1.27 
11/14 4 31.47 0.96 11/16 3 13.88 1.18 
11/14 4 48 .34 1.33 Ozaukee --_-_-_---- 11/12 7 63.48 1.93 
12/3 5 (>) (2) 11/12 7 77.25 2.29 
12/9 5 (>) (1) 
Wyo: 
Vt: Nena 12/84 4 7.77 0.73 
eee 12/17 6 (>) (1) 
® Two standard deviations. Number of samples shown in parentheses. 
b Observed value equal to or less than 2¢ counting error. 
© Information not available, iodine-131 reported as of date counted (11/4/64). 
4 Date counted. 90 
Results and conclusions 
(2) 
«ay 
Data reported in this paper include those 90- 
values obtained from October through Decem- (2) uae 
ber 1964, a period during which iodine-131 + _ tn ont hy) 
° . . ine- 1 
contamination was observed in many areas of 70- * Milk (Denver)- 
the United States, presumably as a result of am re 
. . . @ ir nver 
the atmospheric detonation of a nuclear device Gross Beta (pCi/m3) 
on the Chinese mainland on October 16, 1964. 60- (a of Samples 
Iodine-131 levels in thyroids collected during a 
this period are recorded in table 1. For the sake 
of brevity, complete data are given for only 50 
those samples having iodine—131 concentrations 
above the minimum detectable level (above 2c 
level). For samples containing less than the ai 
minimum detectable level, only the number of 
specimens is given. In addition, the weights of 
Paine : 30 4 
the indivdual samples have also been omitted. = 
In general they ranged from 10 to 15 grams 
each. J 
20 nn 
: 
. a 7 * \ 
Figures 2—5 show concentrations of iodine- *\ 
. . ° 10-4 e 
131 in thyroids during the October-December ° \ 
interval for four selected locations in Colorado, iu 
e ° ° ° ° tr (1 
Georgia, New York, and Mississippi. These ~ ot a Ae stan peeh POUND nie 
graphs also show the daily levels of gross beta ocr <n wee 
64 


radioactivity in air (5), and the weekly con- 
centrations of iodine-131 in fluid milk samples 
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Figure 2. Appearance of iodine—131 in bovine thyroids, 
fall 1964, Colorado 


Radiological Health Data 








|e | 


oo 
6 


CO NWR Wee 


SSaNSSSSREeRsResese 82 keveoe 


aan cee el eel cel el el ed ed ee ed 
ee et wre ee 


~~ 
x 
ee 











as reported to the Radiation Surveillance Cen- 
ter, Division of Radiological Health (3). 

The Colorado, Georgia, and New York air 
and milk samples were collected in the same gen- 
eral area where the cows foraged before being 
sent to slaughter, but the Mississippi air and 
milk samples were collected in Jackson (located 
in the central portion of the State), while the 
thyroids were obtained from cows which had 
been on farms in the vicinity of Hattiesburg 
(located near the southern part of the State, 
about 95 miles from Jackson). 

In the case of the pasteurized milk data, 
Atlanta failed to show any increase to detect- 
able levels and in the other three cites (Buffalo, 
Denver, and Jackson) the increases were only 
minimal (7.e., up to a maximum of 20 picocuries 
per liter). Had the sampling frequency of the 
milk network been greater, it is possible that 
the intrusion would have been more clearly in- 
dicated. Considering that the intrusion was 
essentially a single contaminating event, it is 
interesting to note that the effective half life of 
the iodine-131 in the thyroids in all four loca- 
tions ranged from about 3 to 6 days. This 
closely parallels previously reported data for 
the half-time of this nuclide in the milk after 
deposition on pasture under similar conditions 

(6)- 
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Figure 3. Appearance of iodine—131 in bovine thyroids, 
fall 1964, Georgia 
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Figure 4. Appearance of iodine—131 in bovine thyroids, 
fall 1964, New York State 


On the basis of these data, it can be concluded 
that the collection and analysis of bovine thy- 
roids is am extremely sensitive method for the 
detection of environmental iodine—131 intru- 
sions. Although this approach is not as quick 
in its response as the determination of radio- 
activity levels in air, it is specific for this radio- 
nuclide and, in that sense, it is an excellent sup- 
plementary environmental assessment tool. 

Although the data are limited, several facts 
are evident. In all four of the plotted locations, 
the intrusion was clearly delineated by the thy- 
roid data. At every location there was also 
some increase in air radioactivity levels prior 
to the detection of iodine-131 in the thyroids. 
For Denver, the increase was very pronounced; 
for Atlanta, it was barely detectable. In this 
regard, it is pointed out that the air data shown 
are those obtained through counting the filter- 
trapped particulates in the laboratory. The 
field estimates of gross beta activity in these 
same samples showed considerably more scat- 
ter. Regardless of whether the laboratory or 
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Figure 5. Appearance of iodine—131 in bovine thyroids, 
fall 1964, Mississippi 


field air data were used, however, with the pos- 
sible exception of Denver, the intrusion was 
much less clearly delineated by the air data 
than by the thyroid data. 

In the case of the pasteurized milk data, 
Atlanta failed to show any increase to detect- 
able levels and in the other three cities (Buffalo, 
Denver, and Jackson) the increases were only 
minimal (7.e., up to a maximum of 20 picocuries 
per liter). Had the sampling frequency of the 
milk network been greater, it is possible that 
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the intrusion would have been more clearly 
indicated. Considering that the intrusion was 
essentially a single contaminating event, it is 
interesting to note that the effective half life 
of the iodine-131 in the thyroids in all four 
locations ranged from about 3 to 6 days. This 
closely parallels previously reported data for 
the half-time of this nuclide in the milk after 
deposition on pasture under similar conditions 
(6). 

On the basis of these data, it can be concluded 
that the collection and analysis of bovine thy- 
roids is an extremely sensitive method for the 
detection of environmental iodine—131 intru- 
sions. Although this approach is not as quick 
in its response as the determination of radio- 
activity levels in air, it is specific for this radio- 
nuclide and, in that sense, it is an excellent sup- 
plementary environmental assessment tool. 
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STRONTIUM-90 IN HUMAN VERTEBRAE, 1964 RESULTS’ 


Joseph Rivera? 


Since 1961, the Health and Safety Labora- 
tory (HASL) has been obtaining specimens of 
human vertebrae for strontium-90 analyses in 
New York City, Chicago, and San Francisco. 
The specimens are from accident victims or 
from individuals whose metabolism and diet 
can be assumed to have been normal prior to 
sudden death. The results of analyses of sam- 
ples obtained in 1964 are summarized in table 
1; details of results are shown in tables 2-4. 

Where there were a sufficient number of 
samples at each age to make valid comparisons, 
the highest strontium—90 concentrations were 





1 Summarized from Fallout Program Quarterly Sum- 
mary Report, HASL—161:296-306. Clearinghouse for 
Federal Scientific and Technical Information, 5285 Port 
Royal Road, Springfield, Virginia 22151 (July 1, 1965). 
Price $4.00. 

2Mr. Rivera is a physicist on the staff of Environ- 
mental Studies Division, U.S. Atomic Energy Commis- 
sion’s Health and Safety Laboratory, 376 Hudson 
Street, New York, New York 10014. 


Table 1. Average pCi strontium-90/g 


calcium in vertebrae 








Age (years) New York City Chicago San Francisco 
ee ss ceewknsacatcad ® 5.99 (23) 1.95 (1) 2.65 (42) 
i Sa 3.07 (33) 3.26 (5) 1.66 (27) 
_ ff eee 2.02 (25) 1.45 (43) 1.23 (11) 





® Parentheses indicate number of samples 


found in bones from New York City, the lowest 
concentrations were found in bones obtained 
in San Francisco, and intermediate concen- 
trations were found in bones obtained in Chi- 
cago. These results are in agreement with the 
findings of the HASL Tri-City diet stron- 
tium—90 studies (1). 

Since the start of the HASL bone sampling 
program in 1961, 212 specimens of vertebrae 
from New York City residents, up to 20 years 
of age at death, have been analyzed for stron- 
tium-90. The results of these analyses were 
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Figure 1. Isopleths of strontium-90 (pCi/g Ca) in New York City vertebrae 


October 1965 
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used to construct figure 1, using a standard 
numerical approximation program for a digital 
computer. 


From figure 1, the variation of strontium— 
90/calcium ratios with age (i.e., highest levels 


Table 2. Strontium-90 in human vertebrae 


New York City, 1964 




















HASL No Date of death Age pCi/g Ca 
TIL TET 3 mo 7.40 
eR a Rk ae ete 1 mo 7.40 
I a oe od aon tw nian atin oc emo esal 3 mo 7.40 
| Se ee rer 1l mo 9.94 
I i os oe as dia aa um meh ata 7 mo 9.94 
I a a a 4 mo 7.11 
I ho De 2 5 mo e.50 
a a a 9 da. zone 
nn ond andere oae ae 1 wk 6.19 
IS SNe ae 11 mo 6.19 
Ee eee eres 18 mo 5.10 
ERE ROE, 18 mo 5.38 
NT add sons fm wi hoecien iw ean amen 18 mo 5.10 
EE ee ae 18 mo. 4.19 
OE RO EE F 30 mo 4.40 
aa oni nies ands ai clan ereab i 24 mo 4.40 
EERE ee ee 24 mo 8.30 
i i a a ee 30 mo 6.76 
LS EERO Eee eae 3 yr. 1.90 
SCR ee ee 3 yr. 5.48 
EE EEA 3 yr. 2.26 
Lt” SEE ESE EERE 4 yr. 5.40 
os oh ee ae ee a eeaale 4 yr. 3.32 
i a il 5 yr. 2.69 
OR eae ee 6 yr. 2.55 
CG Re eee 7 yr. 2.88 
B3161 0 SSE See A 7 yr. 4.79 
re 8 yr. 4.02 
B3143 | EEN eee 8 yr. 3.15 
EE ET em 9 yr. 4.92 
ak. a re 10 yr. 3.19 
an ic dnt herve mined eee 11 yr. 2.55 
(4 ih ee SeeenT=% 12 yr. 4.48 
EE RE ae Oe 12 yr. 4.04 
I 13 yr. 2.34 
Fa es es bien ich Gd i ey 13 yr. 4.07 
a, a a ce na ens mn Snead an mig ab 14 yr. 3.06 
ON ONS 14 yr. 2.73 
ES ESE eae er ee 15 yr. 3.06 
Es atlas aan cil cena eerie 15 yr 2.72 
IE EE EE ae 15 yr 3.61 
a as ona we 56 da sci oman inde 15 yr 3.82 
es eccwaiciawaidanneek 16 yr 2.46 
ng on co we x ee ab aaa wens 17 yr. 2.79 
eee ae 17 yr. 3.00 
+ - saree SES 17 yr. 3.15 
I is. ania Serene mice alee 17 yr. 2.94 
yt Ne a. be aba emnememeaenn 18 yr 2.81 
EE ees 18 yr 2.56 
RS ee ay ene 18 yr 3.83 
cn ta a cus piace adsorbs 18 yr. 2.72 
rr ase ae 18 yr. 2.10 
eee 18 yr. 2.30 
I a, en od ae cS mieceaune 19 yr. 1.77 
iS See 19 yr. 1.65 
nn wah ua chew wane 19 yr. 2.77 
EE ee: 20 yr 2.05 
I 5 2 i oa x cil me an ws el 20 yr 1.61 
ER ae 20 yr 2.65 
I ee tas we ahs nia tl 21 yr 1.47 
eee 21 yr 2.11 
RP I se cc cceccuecaemnwencnen 22 yr 1.67 
eee eae eee 26 yr 1.35 
I ns os ccrwinwie-ewaaimeaak 33 yr 1.62 
4 ea eae 36 yr 2.08 
gS ee eee ee 37 yr 2.70 
RE eee eee 37 yr 1.54 
EEE TE. 38 yr 1,22 
B3141 A RRS Rea. ee 42 yr Rae 
OES ae 4l yr 1.89 
Seen a” 45 yr 2.07 
. . . | arin pate pesila = 48 yr 1.31 
ns oe eae 48 yr 1.40 
eee eee ee 49 yr 1.73 
GS ag RT REEL Ne Sai 50 yr 2.94 
LS I rt te 60 yr 2.10 
Se END SE A eee 67 yr 1.97 
B3308 | September__._...............-..-- 65 yr 2.49 
a EA ae aT 70 yr 3.92 
«| Mi a eae 75 yr 2.39 
oa eee aaa 88 yr 2.38 
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for young children and lower levels for adults) 
that has been noted previously (2), is quite 
apparent. In addition, the general increase 
with time in strontium—90 levels for indviduals 
of all ages, associated with increased diet 
strontium-90/calcium ratios starting in early 
1963 (3), is also readily seen. 


Table 3. Strontium-90 in human vertebrae, Chicago, 1964 








HASL No. Date of death Age, yrs. | pCi/g Ca 
2 CRS, ns née aie imme elie 3.5 1.95 
pg 5 a FR a eer 5 5.40 
SE Te 5 3.51 
«hi =e sees: 15 2.30 
B3123 | March.............- See ee ES, 17 1.69 
De ) CD... . .. wacawenacwaenwenus 17 3.40 
CN EEE EIR 22 1.50 
gE a a ates 23 1.19 
ES Ea 25 1.98 
 _. aa aaa S pees 28 2.65 
BSR Saas aia 29 1.48 
I cab acne 30 1.14 
EEE 31 1.51 
4 oS 35 2.38 
B3360 | September-_..................----- 35 2.27 
aie 35 1.78 
CRT TER a ea 37 1.02 
ARE SGT HER TE: 39 0.87 
9 t  ~"“iRtnR saan 39 2.78 
AS ae 40 1.62 
 - “ a are 42 1.05 
CS CES AEE TT 42 1.35 
REE IR AE a: 43 0.53 
IY TP Soi Ss 43 0.81 
I oe 43 1.99 
RRS a eat are ae ae aan: 43 0.99 
Se ce wtecke een 44 1.03 
era Sera ease 44 1.27 
eS 44 1.46 
ET nl aes Sp apa 45 1.37 
RS REAR TIE 45 1.06 
> , | iii ieneRteiaiaags 45 0.97 
gs ERS aaa senna sey: 46 0.54 
RRR Siena ae 46 1.66 
ns ee 47 1.81 
I a ee en 49 1.64 
o> Gl iia mies 49 1.24 
| a BE SE ea. RR a Te SRA ERS 50 1.89 
I 56 0.87 
, 4B & -~aaaeeeerae 57 1.51 
aaa Se aaa Ripa ene 63 1.32 
SS 64 1.66 
IE ES ge A 69 1.43 
gg RRR eres 76 0.94 
A” SRE PARIS ina a aa aE: 78 1.76 
CE SEE LEA STE 82 1.26 
Rei ae aaa ene 83 1.43 
ss) “ey 88 1.42 
. 3 a aera, 97 1.75 














Contours were drawn only in regions where 
there were sufficient data points to justify the 
construction. Thus contours were not drawn 
at the edges of the graph, i.e. for the first 6 
months of 1961 and the last 6 months of 1964. 
Data points for individuals up to the age of 
25 were included so that the contours for age 
20 could be accurately drawn. Contours for 
ages up to one year were not drawn because of 
the absence of data for fetal bones. From the 
data in table 1, however, it is apparent that 
very sharp gradients in strontium-90/calcium 
ratios occurred in this age interval in 1964. 
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Table 4. Strontium-90 in human vertebrae, 
San Francisco, 1964 








HASL No. Date of death Age pCi/g Ca 
re ee 1 da. 1.34 
SE TEA Kba weneicnandccadiuaoud 1 da. 2.71 
LER aaa 1 da. 2.71 
a” EA See 2 da. 2.32 
eee 2 da. 2.71 
i - = NESeSheeReeree. 4 da. 2.52 
(| > =e eer y 8 da. 1.96 
2 EF SES ears 10 da. 1.96 
Dh Me, 5.2,ocuctesssaasicesoue 2 wk. 3.14 
i 4 FO SESS Soe es 3 wk. 1.19 
fC Sa ee eee 3 wk. 1.19 
Pe cep Rape eee 1 mo 2.71 
B3238 | September__......_.....-..--- 1 mo 2.71 
jf “eee erase 2 mo 2.71 
ER OS eee 2 mo 3.14 
A | — Seat 2 mo. 15 da. 2.71 
8 a | a ee eS 3 mo 2.52 
EOI S: 3 mo 2.71 
PE Ne RE rere er 4 mo 2.52 
43 “Sear 4 mo 2.32 
3 5 Se ea See se 4 mo 4.44 
ig eRe ae ee: 4 mo 2.71 
gO ES eee e 4 mo 3.38 
IDI ord tea en ie cea ei 6 mo 1.34 
RS i eee 7 mo 2.71 
I ie ge 7 mo 4.44 
fe IR ee ees 11 mo 1.96 
Tn Ms cosas caida 11 mo 3.38 
I EEDA ITE OE LIE 12 mo 2.90 
Lp” hapa se 12 mo 6.49 
ET Le 12 mo 2.44 
EAN PE ECE. 12 mo 3.05 
ES See 12 mo 2.44 
a 14 mo 3.65 
RB ee ee epee 18 mo 2.91 
i §& ~~“ Sees 18 mo 2.12 
EET EES 24 mo 1.98 
Saree 24 mo 2.90 
OB SS EE ar 24 mo 2.90 
LE ATLAS PRE: 36 mo 1.95 
Sg eer 3 yr. 2.09 
B3232 | September...................-. 3 yr. 1.55 
PES Sa 5 yr. 2.86 
 ¢) ~~ |) PEER IE? 5 yr. 1.41 
I i: 5 yr. 2.51 
CS EEE PRIS. 6 yr. 1.61 
ES Sens 6 yr. 6 mo. 1.29 
gE ere eer 7 yr. 2.24 
t}, “sae eis 7 yr. 1.37 
3 <a eer: 7 yr. 1.71 
2 RRR gegeeISER ETE Ie 7 yr. 2.90 
OBE OSS aaa 8 yr. 1.10 
apa Ea an taee aos 8 yr. 1.72 
$f eee ae: 10 yr. 1.63 
ER OO eee ee 10 yr. 0.98 
OE ee ee 11 yr. 1.39 
LSS 13 yr. 2.33 
B3346 | December_____________-_-- ar ; 3 2.00 
B3020 | March________-_-_- cts _.-| 14 yr. 0.88 
RS eS ea. 14 yr 1.43 
i SSSR raire aa aa tee aha ein ees 14 yr 1.08 
ES SSE eee 15 yr 1.57 
NE ee aaa 16 yr 1.48 
ff!” eee ee 16 yr 1.31 
I Te es 17 yr 0.40 
fk i eer are ae 17 yr 1.46 
I EAS 18 yr 0.98 
IS es ewan 18 yr 3.87 
B3240 | October................ wakieaalie’ 18 yr 1.19 
A OOS ...-| 20 yr 1.22 
 £&, ~~“ eeeerise 20 yr 1.32 
B3172 Re oe te ea ee ae 20 yr 1.40 
i, 4-7 =e aer es 22 yr 1.62 
RS EE a eee oe 23 yr 1.18 
sO ra Sea 45 yr 1.06 
oe ee re 45 yr 1,22 
B3000 | January .......:..............| @ yr 0.81 
i AE OO eae ee _| 51 yr. 1.08 
so A a” ae RES (5 1.46 
. a” er 73 yr 1.17 














October 1965 


In HASL-146 it was shown that the in- 
creases in the strontium-90 content of adult 
vertebrae from 1962 to 1963 could be predicted 
from the observed diet levels in 1963, assum- 
ing a bone-diet observed ratio of 0.25 and an 
annual bone turnover rate of 9 percent per 
year. The equation describing the relationship 
is: 

Xn = Xn-1 7 fxpitfkz,_1 


where x, is the average strontium—90/calcium 
ratio observed in year ‘n’, x,.. is the average 
ratio observed during the previous year, f is 
the annual bone turnover rate, k is the bone- 
diet observed ratio, and z,, is the average 
°Sr/Ca ratio of the diet during the year n-1. 

Using estimates of z,.. from the Tri-City 
Diet studies, and 1964 estimates of x,., from 
HASL-146, gives: 


New York City 
Xn = 1.55— (.09) (1.55) + (.09) (.25) (32) 


=2.13 (observed x = 2.02) 
Chicago 
Xn = 1.11 —(.09) (1.11) + (.09) (.25) (20) 
= 1.46 (observed x= 1.45) 


San Francisco 
X, = 0.94 — (.09) (0.94) + (.09) (.25) (14) 
=1.18 (observed x= 1.23) 
The agreement between calculated and ob- 
served strontium-90/calcium ratios in adult 
vertebrae indicate the validity of the bone 
sampling as well as the accuracy of the Tri- 
City diet strontium—90 estimates. 
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PROJECTED VALUES OF CESIUM-137 BODY BURDENS IN ANAKTUVUK 
PASS ESKIMOS FOR THE SUMMER OF 1965, BASED ON FINDINGS 


IN CARIBOU MUSCLE’ 


James R. Coleman? 


The discovery of relatively high levels of 
fallout radionuclides in arctic ecosystems has 
stimulated interest both nationally and inter- 
nationally (1, 2). The first studies related to 
radionuclides in Alaskan ecosystems began in 
1959 in connection with Project Chariot (3, 4). 
After the finding of high levels of cesium—137 
in lichens and caribou, the studies were ex- 
tended in 1962 to include whole body counting 
of Eskimos (5). This report describes a method 
for predicting values of body burdens that 
might be expected in Anaktuvuk Pass Eskimos 
and to present the estimated values for the 
summer of 1965. The data used are the cesium— 
137 whole body counting data reported for a 
control group of 21 adult Anaktuvuk Pass in- 
habitants (5, 8, 9, 11), and the concentration 
of cesium—137 in caribou flesh obtained as part 
of the cooperative program between the State 
of Alaska and the Public Health Service (6, 7). 

Among the facts that have emerged from the 
Alaskan studies are: 

1. The people of the interior village of 
Anaktuvuk Pass have consistently 
shown the highest average body burdens 
of cesium-137 (3, 9) among Alaskan 
peoples. 

2. There is a definite seasonal variation 
in body burdens in individuals from this 
village. The highest body burdens ob- 
served have occurred during July and 
the lowest, during the winter months 
(9). 

3. The average body burdens of the in- 
habitants of Anaktuvuk Pass appear to 
be directly related to the amounts of 
cesium—137 in caribou (9). 





‘Manuscript for this article, including the values 
shown in the text, was submitted to the Editorial Com- 
mittee, Division of Radiological Health, July 6, 1965. 
Since this date, tentative data on the average cesium— 
137 body burdens of the Anatuvuk Pass control group, 
secured under the auspices of the Atomic Energy Com- 
mission on July 23-24, 1965 indicate good agreement of 
the projected values, with the actual values being some- 
what lower. 

2 Mr. Coleman is Chief, Data Collation and Analysis 
Section, Radiation Surveillance Center, Division of 


Radiological Health, Public Health Service, Washing- 
ton, D.C. 
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Because of the growing interest in fallout 
radionuclides as related to Anaktuvuk Pass 
villagers and the importance of anticipating 
future body burdens, this attempt has been 
made to devise methods by which one might, 
with reasonable accuracy, project current data 
forward in time in order to arrive at estimates 
of the cesium-—137 body burdens that might be 
experienced by the inhabitants of Anaktuvuk 
Pass at some future time. Although general 
long-term predictions have been made by others 
(10), this report is limited to short-term pro- 
jections. 

The method proposed evaluates the available 
data in terms of simplified considerations and 
is not intended to define basic biological para- 
meters or ecological situations. The lack of 
definitive and complete biological and ecological 
information can be overcome only by additional 
study. 


Model and assumption 


The predictive equation represents a model 
which must include basic assumptions related 
to local ecology and native habits. These as- 
sumptions are by necessity simplifications, 
made in order to supplement the available data. 
Four basic simplifying assumptions have been 
made in this analysis, and are as follows: 

1. The accumulation of cesium—137 in 
both caribou and man can be character- 
ized by a single-compartment exponen- 
tial model. 

2. The cesium-137 intake for caribou 
might, within reason, be characterized 
by a square wave. That is, the caribou 
intake may be considered. to result from 
two rather distinct seasonal diet pat- 
terns. 

3. During periods of low cesium—137 
intake by the caribou, a base level of 
0.7 nCi/kg would be reached in caribou 
flesh. 

4. The dietary intake of cesium—137 of 
the Anaktuvuk villagers could be ex- 
pressed as a square wave, related to two 
major periods of caribou slaughtering. 
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In general, these assumptions, although gross 
simplifications of complex factors, are con- 
sidered to be reasonable as an initial'approach. 
Cesium-137 retention (assumption 1) may be 
more accurately described by a multicompon- 
ant model (12-14). However, such a refinement 
would appear to be of little overall importance 
considering other inaccuracies inherent in the 
method used. 

The second assumption, although more of a 
simplification than the first, may be rationalized 
orimarily on the basis of changing seasons and 
the availability of forage. Inherent in this as- 
sumption is the selection of specific periods for 
the caribou diet changes related to the square 
wave function. Although seasons do not change 
abruptly, transitional periods, as related to 
feeding habits, may be relatively short. For 
this analysis the dates selected need not define 
actual dates of significant diet changes, but 
need only have a general relationship to the 
changing situation. Fortunately, this does not 
appear to be critical and must be predicted on 
the greatest extent on approximating the ob- 
served caribou data. Thus, the periods or dates 
of caribou diet changes selected represent a 
balanced average related to seasonal changes, 
but are inherently a function of the model and 
data themselves. 

The third assumption, made solely to sup- 
plement existing data, was based on the con- 
sideration of two data points, one in October 
1962 and the other in August 1964. It is diffi- 
cult to say how close this assumption relates to 
the actual situation; however, since the levels 
in caribou flesh during these periods appear to 
be roughly an order of magnitude less than the 
levels during the high periods, an error in this 
assumption would not be greatly limiting. This 
assumption does not imply that the actual level 
of cesium-—137 in caribou flesh is constant over 
the period of concern, but only that for the 
purpose of relating these levels to the intake 
by the Eskimos, they may be represented by a 
single value. 

The fourth assumption is directly related to 
the caribou migration and thus the caribou kill- 
ing and storage habits of the Eskimos. The 
migrations of the caribou in the central Brooks 
Range are very complex and are not well under- 
stood. However, from about early June until 
early August caribou are usually absent from 
the main valley at Anaktuvuk Pass (15). 


October 1965 


During the period of absence of caribou, the 
villagers utilize a store of previously killed 
caribou kept in underground caches. This stor- 
age of meat botained from the spring kill 
(period of high concentration of cesium—137 
in caribou) supports, in part, the concept of a 
square-wave intake for the villagers. As with 
assumption two, there is inherent in this as- 
sumption a selection of exact periods or dates 
of diet change. Again, this selection is pre- 
dicated primarily on fitting the observed data, 
and thus the dates selected can be considered 
only general periods, weighted by the data, 
but supported by a general knowledge of cari- 
bou hunting and storage habits. 

Once the above assumptions have been made, 
one may proceed with an attempt to fit the 
available data to a projection model. The 
method used involved two steps: First, on the 
basis of assumption number one, an equation 
of the form shown below (equation 1) was 
fitted to the caribou data using the square wave 
intake pattern, and the result projected in time 
through the summer of 1965: 


a (-2.88 ts) 


T.= Effective half life of cesium-137 
in caribou muscle (days) 

ti= Time interval of concern (con- 
sistent units with T.) 

B;=Level of activity in caribou 
muscle at end of time interval 
t; (nCi/kg) 

B;_,=Level of activity in caribou 
muscle at beginning of time 
interval t; (nCi/kg) 

Ai=A factor relating to the caribou . 
intake of cesium-137 over the 
period t; (selected in a square 
wave pattern so that the avail- 
able caribou muscle data might 
be reasonably approximated). 

Second, using the estimated levels of cesium— 
137 in caribou muscle during the periods inter- 
mediate to actual sampling and related to the 
selected periods of human diet changes, the 
square wave intake pattern for the Eskimo was 
obtained. A similar equation (equation 2) was 
then fitted to the observed average body bur- 








Where: 
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dens. Once reasonable relationships were set 
up, the average body burdens for the inhabi- 
tants were projected through the summer of 
1965. 


(2) Bi=al; [1 —exp (-2.,) | 
Te 


+8i_1 exp (=. ) 


Te 








Where: 7.= Effective half-life of cesium-137 
in population of concern (days) 
t;= Time interval of concern (con- 
sistent units with r,) 
8:=Body burden at end of time 
interval t; (uwCi) 
8:;=Body burden at beginning of 
time interval t; (uwCi) 
I; = Intake concentration in caribou 
(nCi/kg) 
a=A constant relating to the 
Eskimo’s intake of caribou (yuCi 
per nCi/kg). 


Results 


The detailed curves arrived at for the con- 
centration in caribou muscle and average body 


100.0 


burden of the villagers are shown in figures 1 
and 2, respectively. From figure 1, it may be 
seen that there has been an apparent decrease 
in the cesium-137 concentration in caribou 
muscle in March of this year as compared to 
the estimated value for March of 1964 (period 
selected for spring eskimo diet change). This, 
as shown in figure 2, would lead to slightly de- 
creased body burdens in the summer of 1965 
as related to the summer of 1964. 

Using the curve presented in figure 2, the 
following comparison may be made between 
the estimated body burdens for the summer of 


1964 and those projected for the summer of 
1965: 


1964 1965 
July 1 1.2nCi 0.88,.Ci 
August 1 1.35pCi 0.94uCi 


The average body burdens over specified time 
periods is also of interest for comparison to 
existing guidance. Since a reasonably continu- 
ous function has been fitted to the data, average 
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Figure 1. Projected and observed cesium-—137 eoncentrations in caribou muscle for 
Anaktuvuk Pass area 
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Figure 2. Body burden and estimated intake curves for Anaktuvuk Pass villagers 


body burdens over various time periods may 
be mathematically calculated from the curve 
shown in figure 2. The following annual aver- 
ages have been obtained: 


1964 1965 
Annual average body 0.82sCi  0.70,Ci 


burden for adult 
villagers 


Discussion 


From figure 1, it may be observed that the 
caribou muscle data may be reasonably de- 
scribed by the method used and the assumption 
made. In order to apply the equation presented, 
an effective half-life for cesium—137 in caribou 
muscle under range conditions had to be 
selected. By consideration of the data obtained 
during the year 1964, the effective half-life 
was approximated to be 26 days. Although this 
value should not be considered as representing 
true biological half-life, it is in reasonable 
agreement with values observed in other ani- 
mals (16-18). The dates arrived at for changes 
of caribou intake (early May for the spring 
diet change and early December for the winter 
diet change), although not completely consis- 
tent with the change of seasons, are also not 
totally unreasonable. 
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The curve obtained for estimated average 
body burdens presented in figure 2, together 
with the observed measurements, shows the 
relatively close agreement between the actual 
values and the fitted equation. In only one in- 
stance (January 1964) did the estimated values 
differ from the measured values by more than 
15 percent. This is also the one period for which 
data were lacking for the concentration of ces- 
ium-—137 in caribou muscle. Since the effective 
half-life of cesium-137 in the individuals 
counted cannot be obtained from the data, 
equation 2 was fitted to the average body bur- 
den using various effective half-lives. Figure 
2 is derived by using a value of 140 days which 
appeared to give the best fit. This value for the 
effective half-life in man, while somewhat 
greater than might at first be expected, is not 
grossly inconsistent with reported values (19). 

It should not be implied that this value repre- 
sents the actual effective half-life in the indi- 
viduals concerned, it should be considered as a 
mathematical parameter that has been used to 
suitably represent the data. 

At this point, it is important to discuss the 
effect of the assumption of a base level of 0.7 
nCi/kg of cesium—137 in caribou flesh during 
the late summer and fall seasons. If this as- 
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sumption is not valid, and actual levels in cari- 
bou, and thus the Eskimo’s intake, were sig- 
nificantly higher, the method used would yield 
a fitted equation with a somewhat overesti- 
mated effective half-life. Thus, higher levels 
during these periods might tend to give an ef- 
fective half-life somewhat closer to the 100-day 
value generally used. 

In attempting to evaluate how reasonable 
our analysis and results are, some short dis- 
cussion of the factor a in equation 2 is of inter- 
est. 


In general a may be expressed as follows: 


_ cfw 
oe 3 
where: c= Proportionality factor 
f=Tlraction of cesium-137 ingested 
that is deposited in the body 
\= Effective decay constant (days 
J) 
w = Daily intake (kg/day) 


solving for the daily intake w, yields 


The value for a obtained from the fitted equa- 
tion was 0.142. The fraction f is estimated to 
be 1.0 (2, 21). Using these values we can esti- 
mate the daily intake suggested by the ob- 
served value of a. The calculation yields a daily 
intake of 0.703 kg/day. 

This value can be compared with the 0.772 
(kg/day) value for caribou intake reported by 


Hanson et al. (5) as an estimate for the sum- 
mer of 1962. 


Conclusions 


Although a number of generalizing assump- 
tions have been made, it can be concluded that, 
on the basis of available data, the model de- 
vised yields reasonably accurate approxima- 
tions to the observed data, and should allow 
anticipation of the resultant average body bur- 
dens in Anaktuvuk villagers on the basis of 
cesium—137 concentration in caribou muscle. It 
may also be concluded that expected body bur- 
dens will be somewhat lower in July and August 
of 1965 than those observed in July-August of 
1964. 

The average body burdens of the adult 
Anaktuvuk Pass villagers for the summer of 
1965 is estimated to be approximately 0.9 Ci. 
At present it is not possible to say whether the 
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apparent decreasing trend will continue. As 
more information on specific ecological factors 
becomes available, more accurate assumptions 
and further refinements in the model presented 
should be possible. 
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DETECTION OF FRESH FISSION PRODUCT MATERIAL IN 
ENVIRONMENTAL SAMPLES FOLLOWING THE SECOND NUCLEAR 
DETONATION ON THE CHINESE MAINLAND 


Division of Radiological Health, Public Health Service 


On May 13, 1965 (10 p.m. EST) a second 
nuclear detonation occurred on the mainland 
of China. The test was believed to have taken 
place in the vicinity of Lop Nor in northwest 
China and was equal to or greater in yield than 
the first detonation that occurred in October 
1964 (1). As with the first test, fresh fission 
products were observed by the Division of 
Radiological Health’s routine environmental 
monitoring systems following the second test. 
The purpose of this summary is to report the 
extent to which fresh debris was observed in 
the Radiation Surveillance Network (RSN), 
the Pasteurized Milk Sampling Network 
(PMN) and the Bovine Thyroid Sampling Net- 
work of the Division of Radiological Health 
during May and June 1965. 

Air 

According to the 30,000 to 40,000-foot cloud 
trajectory developed by the Atmospheric 
Radioactivity Research Branch, United States 
Weather Bureau, the leading edge of the debris 
cloud passed the west coast of the United 
States on May 18 and the east coast by May 19 
(2). Although early field estimates did not 
show any immediate significant increases in 
gross beta radioactivity, subsequent gamma 
analysis identified fresh fission products 
(iodine-132, tellurium-132, iodine—131, bar- 
ium—-140 and lanthanum-140) and the activa- 
tion product neptunium—239 in many of the 
RSN’s air samples. 

The highest gross beta activity in air during 
the month of May for the United States was 
approximately 16 pCi/m® at Salt Lake City, 
Utah, for the sample collected May 20-21. 

Fresh fission products were, however, first 
detected in the Helena, Montana, sample col- 
lected on May 18-19 (approximately 5 days 
after the detonation). Filters removed the 
following morning from most RSWN stations in 
the Western United States contained identifi- 
able fresh fission products in very low concen- 
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trations. The exceptions were those stations 
located on the Pacific coast. Except for the 
Pacific coast stations and several stations in 
the southeastern United States, at least one 
sample from each RSN station showed iden- 
tifiable fresh fission products by May 24. From 
May 19-31, fresh fission products were iden- 
tified on 87 RSN filters. During the month of 
June, fresh fission products were identified on 
266 filters. In summary, the observation of the 
influx of fresh fission product material in air 
was generally consistent with the projected 
trajectory of the debris cloud, with the initial 
influx observed about May 18-20, and the peak 
air activity occurring somewhat later as might 
be expected. 


Milk 
Iodine—131 was not detected in any Pasteur- 


ized Milk Network (PMN) sample until May 
24. However, since only one sample per week 


-is routinely collected at each station, iodine— 


131 may have been present in milk several days 
prior to this date. Iodine—131 was detected on 
May 24 in only two samples; Honolulu, Hawaii, 
and Rapid City, South Dakota. Between May 
24 and May 31, iodine—131 was found in meas- 
urable quantities in 19 samples from the PMN 
(3). During the month of June, 126 PMN 
samples contained detectable quantities of 
iodine-131 (page 539 of this issue). The highest 
concentration of iodine-131 observed was 220 
pCi/liter for the sample collected on May 28 at 
Kansas City, Missouri. 

Isograms showing the iodine—131 concen- 
trations in milk for the weeks of May 23 and 
May 30 are shown in figures 1 and 2, respec- 
tively. The highest concentrations occurred in 
the Midwest, particularly in Missouri and 
Iowa. Only a few positive iodine-131 deter- 
minations were observed along the west coast 
and the southwestern and southeastern United 
States. By the end of June, iodine-131 was 
below detectable levels at most stations. 
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Figure 1. Iodine—131 concentrations in pasteurized milk, 
May 23-29, 1965 


Bovine thyroid 


During the months of May and June 1965, 
iodine-131 was found in measurable quantities 
in approximately 500 bovine thyroids collected 
as part of the Division of Radiological Health 
Surveillance Program. The highest activity 
observed in a single thyroid was approximately 
2,000 pCi/gram in a thyroid collected on June 
8 in the State of Iowa. The average value for 
eight thyroids collected in lowa on this day 
was 821 pCi/gram. 

Because of the relatively small number of 
thyroids collected on any one day in any single 
area, it is difficult to relate the levels of iodine 
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Figure 2. Iodine—131 concentrations in pasteurized 
milk, May 30-June 5, 1965 
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Figure 3. Weekly average levels of iodine—131 in bovine 
thyroids from South Dakota and Iowa, May—June 1965 


in thyroid to the changing levels of iodine ob- 
served in other environmental media. How- 
ever, the data may be grouped to show general 
trends following the influx of iodine-131 into 
the environment. Figures 3, 4, and 5 show the 
weekly average levels of iodine—131 in bovine 
thyroids for several grouped States. The data 
for California have been plotted separately in 
order to show the relative sensitivity of the 
bovine thyroid as an indicator of environmen- 
tal iodine-131. Although only one milk sample 
collected in California by the PMN showed 
measurable iodine-131, the low level intrusion 
was readily documented by the bovine thyroid 
analysis. In general, the observations of 
iodine-131 in bovine thyroids were consistent 
with observations of iodine—131 in milk. The 
highest average levels were observed in the 
Midwest and lowest average levels in Cali- 
fornia. 
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Figure 4. Weekly average levels of iodine—131 in bovine 
thyroids from California, May-June 1965 
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Figure 5. Weekly average levels of iodine—131 in bovine 


thyroids from New Mexico, Texas, and Colorado, 
May-June 1965 
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COMPARISON OF CESIUM-137 BINDING 
CHARACTERISTICS IN PANGOLA HAY AND SPANISH MOSS 


Robert L. Elder and Wellington Moore, Jr. 


The Public Health Service Pasteurized Milk 
Network has consistently shown that the ces- 
ium-137 concentrations in milk from Tampa, 
Florida, were higher than the national aver- 
age (1). Although not requiring any protective 
actions, the levels were high enough to prompt 
a field survey by the Southeastern Radiological 
Health Laboratory to determine the contribu- 
tory ecological factors. The results of this 
survey showed that cesium—137 concentrations 
in Pangola hay and Spanish moss were higher 
than in other plants in the Tampa area (2). It 
was further shown that elimination of Pan- 
gola hay from the diet of dairy cows in the 
Tampa area resulted in a decrease in the 
amount of cesium—137 in the milk (2). Having 
isolated Pangola hay as a factor contributing 
to the observed cesium-—137 concentrations, 
analyses were undertaken to determine binding 
characteristics involved. For this purpose, Pan- 
gola hay was compared to Spanish moss. Pan- 
gola hay is a rooted grass grown in the South- 
ern States, particularly Florida. Spanish moss 
is a non-rooted plant and is not routinely used 
as a dairy cattle feed. 

The identification and isolation of particular 
types of vegetation which introduce high 
amounts of radioactivity into the food chain of 
animals and man is required. However, the 
presence of high levels of radioactivity in a 
plant that is used in the food chain does not 
necessarily constitute a direct hazard. The in- 
troduction into the food chain requires both 
presence and release during the process of 
digestion and absorption. 





1 Dr. Elder is a research staff officer and Dr. Moore 
is Chief, Research Unit, Southeastern Radiological 


Health Laboratory, P.O. Box 61, Montgomery, Ala- 
bama. 
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The radioactivity found associated with Pan- 
gola hay could be due to uptake through the 
roots and foliage, or exist as surface contami- 
nation. It is generally accepted that the major 
portion of the cesium—137 in plants is taken up 
through the leaves, and only a small amount 
through the root system (3, 4). Spanish moss 
as a non-rooted plant obtains all of its nutri- 
tional requirements by direct surface absorp- 
tion. Therefore, all radioactivity found as- 
sociated with this plant exists as a surface con- 
taminant or is absorbed through the plant 
surface. In these preliminary studies we com- 
pared the location, binding and release of 
radioactive fallout particles from these two 
plants. 


Procedures 


(a) The Pangola hay was obtained from a 
farm located in the Tampa, Florida area. The 
Spanish moss was collected in the vicinity of 
Montgomery, Alabama. 


(b) Water washing—Light water washing 
was accomplished by lightly spraying uncut 
hay or moss with water for three hours. Sub- 
merged water washing was done following cut- 
ting, grinding in a blender, and sifting through 
18- x 14-mesh screen. The object of this grind- 
ing was to destroy as much of the plant cell 
structure as possible. A 500 gram sample was 
submerged and soaked in 3.5 liters of water for 
two hours. The samples were then filtered 
through Whatman 40 filter paper, and the wash 
water was passed back over the sample four 
times. The samples were air dried at room 


temperature to correspond to the unwashed 
samples. 
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(c) Counting—A multichannel gamma spec- 
trometer was used for all counting. The large 
vegetative samples were counted with a 4- x 
4-inch sodium iodide crystal and a 1- x 1-inch 
crystal was used for the isotope studies. 


(d) Ionic isotope binding—Each sample was 
cut, ground and sifted through an 18- by 14- 
mesh screen. The samples were thoroughly 
washed and packed in 1- x 5-inch columns with 
fritted glass filters. The isotopic solution was 
applied directly to the top of the packed column 
followed by 100 ml of distilled water, which 
was collected at 5 ml intervals. Following the 
water elution a 100 ml KCI gradient (0-.5N) 
elution was applied and collected at 5-ml 
intervals. 


Results 


The results in table 1 indicated that a light 
water washing (equivalent to a heavy rain) 
removed 66 percent of the cesium-—137 from 
Pangola hay, but less than 10 percent of the 
cesium-137 from Spanish moss. Similar results 
are presented in table 2 for the submerged 
water washing of ground samples. These results 
indicated that practically all of the cesium—137 
on Pangola hay existed as a surface contamin- 
ant. The higher percent removal of cesium—137 
in the submerged washing of Spanish moss 
was due most likely to the breakdown of cell 
structure by the grinding process. 





The cerium-144 and ruthenium-106 levels 
for Pangola hay were below detectable limits. 
Both of these nuclides were found in much 
higher concentrations in Spanish moss and 
were not substantially released by either wash- 
ing process. 

Managanese—54 was found in both Pangola 
hay and Spanish moss. Light washing did not 
remove this nuclide from either plant (table 1). 
However, the submerged washing of ground 
samples showed a substantial reduction of this 
nuclide from both plants (table 2). Again it 
appeared that this removal was due to a break- 
down of the cell structure during the grinding 
process. This would facilitate the release of 
internally bound nuclides in contast to surface 
bound contaminants. 

Attempts to increase the efficiency of radio- 
nuclide removal by washing both plants with 
a 0.5N KCl solution did not substantially 
change the results (table 2). These findings 
indicated that Spanish moss had a very active 
inorganic ion binding mechanism. This is 
further supported by water washing results 
discussed in the preceding paragraph. 

However, the cesium-137 of Pangola hay ap- 
peared to be almost totally on the surface of 
the plant. In the latter case any active binding 
is at best quite weak, for a considerable amount 
of this nuclide was removed by light washing. 

The results of further studies to demonstrate 
the nature and site of the inorganic ion binding 


Table 1. Removal of radioactive fallout by light water washing 
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Pangola hay Spanish moss 
pCi/kg Percent pCi/kg Percent 
remaining remaining 
Ce eee 3,100 100 2,480 100 
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Ruthenium-106 
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Table 2. Removal of radioactive fallout by submerged water washing 
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Pangola hay Spanish moss Pangola hay Spanish moss 
pCi/kg Percent pCi/kg Percent pCi/kg Percent pCi/kg Percent 

remaining remaining remaining remaining 
eee 3,100 100 2,260 100 MI ia ocsacoteuee <15 — 1,275 100 
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Pangola hay Spanish moss Pangola hay Spanish moss 
pCi/kg | Percent pCi/kg Percent pCi/kg Percent pCi/kg Percent 
remaining remaining remaining remaining 
a ak = =a a” 
ee ee <15 100 1,220 100 | eae 441 100 815 100 
0.5N KCl 0.5N KCl . 
gk Serene <15 0 1,060 87 . | oh E eee 260 59 367 45 
Water Water 
Washed 1 x__.---- aca eee <15 0 1,100 90 | 8 re 265 60 386 47 
Water Water 
kf ep <15 0 934 76 NE 0 Bint acsuadancen 115 25 220 27 
; 2500 
in these two plants are shown in figures 1 and P 
2. When either cesium—137 or strontium-85 in Py 
i? % 85, 
aqueous solution is added to ground Spanish 7 
moss or Pangola hay it cannot be removed by 2000 }- ¢ H “7 
water washing. Following the addition of a i : 
gradually increasing concentration of a KCl H + 
solution, complete removal of the added isotope : : 
; : 1500 j a. 
occurred. Thus, Spanish moss did not appear 4 
° ° P ° i= % 
to have an active binding mechanism when the a 
cell structure is damaged. Ground samples of 3 
both Spanish moss and Pangola hay acted as a 1000 4 
simple ion exchange system. 
Summary and conclusion 
500 + 4 
These preliminary studies indicate that most 
of the cesium—137 exists on Pangola hay as a 
. ” . . + 
lightly bound surface contaminant. This con 4 a gat yng! A ital 
clusion is supported by the effective removal of 0 
‘ . Water elution KCL gradient elution 
cesium—137 by the water washing, and the poor 0 -0.5N 


elution of the more tightly bound Man- 
ganese—54 without damaging the cell walls. In 
contrast to this, Spanish moss very tightly 














Figure 1. Elution of radionuclides from Pangola hay 
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Figure 2. Elution of radionuclides from Spanish moss 


binds all of the isotopes detected. When these 
isotopes settle from the air onto Spanish moss 
they are actively bound and incorporated into 
the plant structure. Ionic washing (0.5 KCl) 
did not remove these nuclides. 

When the cell structure of Spanish moss and 
Pangola hay was damaged by grinding, neither 


plant actively bound cesium-137 nor strontium 
-85. The ground material from both plants 
was comparable to a simple ion exchange 
system. Thus one is led to conclude that the 
nuclide binding and uptake of radioisotopes by 
Spanish moss requires an intact cell structure. 

These results have been presented to demon- 
strate the difference in location and binding of 
radioactive fallout isotopes. Spanish moss ac- 
tively binds and retains airborne radioactive 
isotopes. These radioactive elements are most 
likely internally bound. Pangola hay has been 
shown to be high in cesium—137, but this exists 
as a surface contaminant. If Pangola hay has 
an active binding mechanism during growth, it 
appears to be only a surface binding and is 
lost following cutting and drying. 
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ENVIRONMENTAL LEVELS OF RADIOACTIVITY AT 
ATOMIC ENERGY COMMISSION INSTALLATIONS 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine mon- 
itoring programs where operations are of such 
a nature that plant environmental surveys are 
required. 

Summaries of the environmental radioac- 
tivity data for 22 AEC installations have ap- 
peared periodically in RHD since November 
1960. Summaries follow for the Bettis Atomic 
Power Laboratory, Feed Materials Production 
Center, Knolls Atomic Power Laboratory, and 
SIC Prototype Reactor. 


October 1965 


Releases of radioactive materials from these 
installations for the periods covered in the 
reports below are governed by radiation pro- 
tection standards set forth by AEC’s Division 
of Operational Safety in directives published 
in the “AEC Manual.’ These standards, which 
include radioactivity concentration limits, are 
applicable to effluents released from AEC 
installations. 





1 Part 20, “Standards for Protection Against Radia- 
tion,” AEC Rules and Regulations, contains essentially 
the standards published in the “AEC Manual.” The 
AEC Rules and Regulations are available from the 
Superintendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, on a subscription 
basis at $3.50 for 3 years. 


589 











1. Bettis Atomic Power Laboratory” 
July—December 1964° 











Western Electric Corporation 
Pittsburgh, Pennsylvania 


The Bettis Atomic Power Laboratory 
(BAPL), operated for the Atomic Energy Com- 
mission by the Westinghouse Electric Corpora- 
tion, was established in 1949 to conduct re- 
search and development operations related to 
naval atomic propulsion systems and to the 
central station power reactor at Shippingport, 
Pennsylvania. Routine environmental ‘monitor- 
ing data from the sampling locations shown in 
figure 1 indicate that environmental radiation 
concentrations resulting from laboratory oper- 
ations are well within Atomic Energy Com- 
mission prescribed limits. 

























Liquid radioactive waste 


Liquid effluent discharged from the Labora- 
tory is sampled continuously. Composite sam- 
ples are analyzed weekly for gross alpha and 





* Summarized from “Environmental Radioactivity at 
the Bettis Atomic Power Laboratory for the Second 
Six Months of 1964 and for Calendar Year 1964” 
(PNRO-DEV-132). 


gross beta-gamma activity and quaterly for 





strontium—90 activity. In addition, analysis for 
total uranium alpha activity is performed 
whenever the combined gross alpha activity 
exceeds 2,000 pCi/liter. 

The average concentration of gross radio- 
activity in the liquid effluent during the second 
6 months of 1964 was 180 pCi/liter. The aver- 
age concentration observed in the first half of 
1964 was 53 pCi/liter. During this period, the 
highest weekly concentration was 2,000 pCi/ 
liter. The average concentration of strontium— 
90 in the liquid effluent for the second quarter 
of 1964 was 3.5 pCi/liter. The average concen- 
tration of strontium—90 for the third quarter 
of 1964 was 8.1 pCi/liter. The strontium—90 
analysis for the fourth quarter of 1964 has not 
been completed. 


Background monitoring stations 


Three background monitoring stations are 
in continuous operation near the Laboratory. 
These stations continually measure and record 
the external beta-gamma radiation level. Aver- 
age readings at these stations are summarized 
in table 1. 
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Figure 1. Bettis Atomic Power Laboratory sampling stations 
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Table 1. Beta-gamma radiation, July-December, 1964 


(Average levels in mR/hr) 








Station 1 3 4 
High weekly level -------- Mp ee Pe ee BAAR. 0.035 0.018 0.269 
en 8 ae 0.010 0.010 0.049 
ee ee ee ae oo he tig TRE, 0.014 0.012 0.061 








Beta-gamma radiation intensities averaged 
0.029 mR/hr during this period. This average 
“epresents an increase over the average inten- 
sity measured during the first 6 months of 
(964, which was 0.016 mR/hr. The increase in 
‘he mean beta—gamma activity at Station #4 is 
due to the proximity of the environmental 
monitoring detector to the C-Area Critical 
facility. During critical operations, the beta-— 
gamma background activity increases and is 
readily discernible over the periods of reactor 
shutdown. Normal background levels average 
from 0.010 to 0.060 mR/hr during reactor shut- 
down and from 0.8 to 1 mR/hr during reactor 
operation. 


Fallout 


Fallout samples are collected at three loca- 
tions at the perimeter of the Laboratory. Sam- 
ples are collected over a period of one month 
in high-wall stainless steel pots, and are ana- 
lyzed for gross beta activity. The average 


monthly concentration of radioactive fallout 
for the second half of 1964 was 3.59 nCi/m*. 
This was a decrease from the 8.61 nCi/m* re- 
corded during the first 6 months of the year. 


Soil samples 


Soil samples were collected at the eight loca- 
tions shown in figure 1. None of these samples 
required analysis, according to the provisions 
of the operating manual, PNRO-DEV-122. 


Stream silt 


Soil samples were collected at the eight loca- 
tions shown in figure 1. The results of analysis 
of these samples are presented in table 2. 


Table 2. Radioactivity in stream silt, July-December 1964 























2. Feed Materials Production Center* 
July-December 1964 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center 
(FMPC) is operated by the National Lead 
Company of Ohio for the AEC. The location as 
related to populated areas is shown in figure 2. 
Cincinnati and Hamilton—the larger nearby 
communities—are situated 20 and 10 miles, 
respectively, from the Center. Operations at 
this project deal with the processing of high- 
grade uranium ores and ore concentrates to 
produce metallic uranium, and with fabricating 
the metal into fuel elements. 





3 Summarized from “Feed Materials Production Cen- 
ter Environmental Monitoring Semiannual Report for 
the Second Half of 1964 and Summary Report for 1964” 
(NLCO-939). 


October 1965 











Period Location Alpha, pCi/g Beta-gamma 
pCi/g 
‘aenee quester, 1906.) An... ceca. 21 22 
| eer 14 30 
Di Ldivband otek 27 19 
Average. -_-.- 21 24 
Fourth quarter, 1964...| A_.......-. - 16 27 
| RESIN 27 19 
Di eehtsbb ideo 28 12 
Average... -- 24 19 
Recent coverage in Radiological Health Data: 
Period Issue 
July 1961 to June 1962 April 1963 
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Figure 2. Area map of Feed Materials Production Center 
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An environmental survey program of air and 
water sampling is maintained to-check the ef- 
fectiveness of dust collectors and waste treat- 
ment processes. Inspection of the data indicates 
that releases of radioactive materials to the en- 
vironment are within AEC and State of Ohio 
standards. 


Air monitoring 


FMPC uses dust collectors such as bag col- 
lectors, electrostatic precipitators, and scrub- 
bing towers which remove nearly all of the air- 
‘borne particulates generated during the many 
plant operations. The environmental air sam- 
pling program provides an indication of the 
amount of material released into the atmos- 
phere. ' 

Onsite samples were taken at four perma- 
nent sampling stations located at the four 
corners of the production area shown in figure 
3. Offsite samples were taken by a mobile unit 
operated at various distances and directions 
from the plant determined by local meteoro- 
logical conditions on the day of sampling. The 
data for the offsite samples are averaged in 
groups according to distance from the produc- 
tion area. Concentrations of uranium and total 
activity of airborne particulates sampled at 
onsite and offsite locations are given in table 3. 


Table 3. Radioactivity levels of airborne 
particulates, July-December 1964 


(Average concentrations in pCi/m*) 

















Second half 1964 
Location 
No. of Uranium * Total 
samples activity © 
Onsite 
Ee a ee 26 0.2 0.8 
a ear 26 0.1 0.5 
0 Sn eee 26 0.2 0.7 
eee ee 26 0.1 0.6 
All onsite samples____------ 104 0.2 0.7 
Offsite 
0-2 miles from FMPC__---- 26 0.1 0.6 
2-4 miles from FMPC_-_--_-_- 22 0.1 0.5 
4-8 miles from FMPC_-_---_- 30 0.1 0.5 
8-10 miles from FMPC..--- 10 0.1 0.3 
All offsite samples____------ 88 0.1 0.5 





® MPC =2 pCi/m‘*. 
b MPC = 100 pCi/m‘*. 


Water monitoring 


Continuous daily samples, collected from the 
combined sewer leading from the FMPC site 
to the Great Miami River, are analyzed for 
uranium and total activity. The combined 
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sewage is composed of treated liquid effluent 
from the production plants, water treatment 
plants waste effluent, storm sewer discharge, 
and treated sanitary sewage. Using the data 
from the combined sewage samples and stream 
flow data for the Great Miami River, the 
FMPC contribution to radioactivity concentra- 
tions in the river may be calculated. To check 
the calculated results, weekly upstream and 
downstream spot samples are taken at the loca- 
tions shown in figure 3. 
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Figure 3. Air and water sampling stations, 
Feed Materials Production Center 


Table 4 presents the calculated and the spot 
check river concentrations. Since the calculated 
concentration represents only the contribution 
from FMPC, it should be compared with the 
difference of the upstream and downstream 
measurements. 


Table 4. Concentrations of uranium and total activity in 
the Great Miami River, Ohio, July-December 1964 


(Average concentrations in pCi/liter) 

















” Second half 1964 
Location Method of determination 
Number] Ura- Total 
of nium ® |activity > 
samples 
Sewer outfall___| Calculated from sewer 
concentrations and 184 12 20 
stream data (con- 
tinuous sampling). 
Upstream _- --_- Spot samples. -______.---- 26 5 30 
Downstream__--| Spot samples_____-_----- 30 7 30 
RE. DERE ee ee — 2 0 














® MPC =20,000 pCi/liter. 
b MPC =3,000 pCi/liter. 
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Recent coverage in Radiological Health Data: 





Period Issue 
July—December 1960 June 1961 
January—June 1961 December 1961 
July 1961—June 1962 March 1963 
July 1962—December 1963 May 1964 
January-June 1964 April 1965 


3. Knolls Atomic Power Laboratory‘ 
July-December 1964 


General Electric Company 
Schenectady, New York 


The principal function of the Knolls Atomic 
Power Laboratory (KAPL), operated by the 
General Electric Company for the Atomic 
Energy Commission, is to support the Naval 
Reactors Program of the Atomic Energy Com- 





4+Summarized from “Knolls Atomic Power Labora- 
tory Semiannual Environmental Monitoring Report, 
July-December 1964” (Volume 6, Number 2). 


mission in the development of atomic power 
for naval propulsion. This includes design, con- 
struction, and prototype operation of nuclear 
power reactors. 

The Knolls Atomic Power Laboratory con- 
sists of two sites, the Knolls site, and the West 
Milton site, located as shown in figure 4. The 
Knolls site occupies approximately 170 acres 
on which are located administrative buildings; 
chemistry, physics, metallurgical, engineering, 
and radioactive materials laboratories; and 
critical assembly buildings. The West Milton 
site occupies approximately 4,000 acres. Its 
principal facilities include the Triton (S38G) 
and Bainbridge (D1G) prototype reactors, 
equipment service building, fuel service build- 
ing, and waste treatment facility. Regular en- 
vironmental monitoring activities are con- 
ducted to assure that Laboratory releases of 
radioactivity to the environment are in com- 
pliance with AEC standards. The data that 
follow indicate that Laboratory waste opera- 
tions have complied with AEC requirements. 
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Figure 4. Environmental monitoring locations, KAPL 


October 1965 
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Air monitoring 


Environmental airborne radioactivity is 
measured at two locations on the Knolls site, 
four locations at the West Milton site, and at 
the General Electric Company Research Labor- 
atory, approximately 1 mile west of the Knolls 
site. Airborne radioactivity is sampled contin- 
uously and analyzed on a weekly basis. The 
results of the airborne radioactivity analyses 
are given in table 5. Measurements of airborne 
radioactivity are made at least 48 hours after 
collection allowing the naturally occurring 
short-lived materials to decay. 


Table 5. Airborne beta activity, KAPL, July-December 1964 





Sampling locations Concentrations, pCi/m* 





EE OE EEE TO 0.33 
tt ccc nun cisutehebibeweas ss 0.38 
Research Laboratory 0.33 





Liquid waste monitoring 


The dilution potential of the Mohawk River 
is utilized to a limited degree in the disposal of 
liquid radioactive wastes from the Knolls site. 
All potential sources of liquid radioactive waste 
at the Knolls site are connected by control 
drains to collection tanks in the radioactive 
waste processing building. The release of liquid 
waste to the Mohawk River is regulated accord- 
ing to (1) the concentration of fission products 
in the collection tanks, and (2) the flow of the 
river. A continuous proportional sample of the 
Knolls site combined sewer effluent is taken at 
the point of discharge to the Mohawk River. 
Radiochemical analyses of weekly composite 
samples show that strontium—90 is the princi- 
pal component to be considered in control. The 
amounts and the radionuclide content of the 
combined sewer effluent discharged from the 
Knolls site have been summarized in table 6. 


Table 6. Radionuclide concentrations in the 
Knolls site waste effluent, July-December 1964 


(Average concentrations in pCi/liter) 

















Radionuclides Concentrations | AEC Standards 
SE a eee 4.1 3,000 
St ere 120 300 
ees 240 20 ,000 
Cerium-144—Praseodymium-144_ _- 37 10,000 
Ruthenium-106____.._......------ 4.1 10,000 
FEF i a aaee 4.1 300 
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A total of 93.0 millicuries of beta activity was 
discharged to the Mohawk River during the 
6—month period at monthly average concentra- 
tions ranging from 230 to 770 pCi/liter. 

Since Glowegee Creek does not have a reli- 
able dilution potential, the radioactivity levels 
in the liquid waste from the West Milton site 
are operationally controlled and diluted prior 
to release to the creek. A total of .1 millicuries 
was discharged at two points into Glowegee 
Creek during the six-month period at monthly 
average concentrations ranging from 245 to 
336 pCi/liter. Samples of the Glowegee Creek 
water are taken once a week at two locations, 
one at about 150 feet above the point where 
the S3G effluent enters the stream, and the 
other 2,640 feet below the S8G discharge or 
1,500 feet below the D1G discharge. 

Mohawk River water is sampled continu- 
ously at the point of discharge from the Knolls 
site; at the General Electric Company power- 
house eight miles upstream from the site; at 
the Visher Ferry powerhouse approximately 
two miles downstream; and at the City of 
Cohoes pumping station about 13 miles down- 
stream. Results are given in table 7. 


Table 7. Gross beta-gamma activity in streams 
receiving effluents, July-December 1964 





Streams and locations Concentrations, 


pCi/liter 





Mohawk River (Knolls site): 
G.E. Powerhouse (upstream) 
Vischer Ferry (downstream) 


ohoes (downstream) raw-water 
Cohoes (downstream) finished drinking water_-___-__- 
Glowegee Creek (West Milton site) :* 
0 ES a Pe eee 
Downstream 


awe Toro 


— 








® MPC 100 pCi/liter. 


Recent coverage in Radiological Health Data: 








Period Issue 

Third and fourth quarters 1960 September 1961 
First and second quarters 1961 March 1962 
July 1961-June 1962 July 1963 

July 1962—December 1963 June 1964 
January-June 1964 April 1965 
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4. SiC Prototype Reactor Facility ° 
July—December 1964 


Combustion Engineering, Inc. 
Windsor, Connecticut 


The S1C Prototype is a land-based nuclear 
submarine power plant facility containing a 
oressurized water reactor power plant which 
ss used for research, development, and 
raining. All materials released to the environ- 
ment are routinely monitored to assure that 
waste disposal operations comply with AEC 
‘egulations. Monitoring results which follow 
‘indicate that the Facility has fully complied 
with the prescribed standards of the AEC. 

Essentially all of the radioactive wastes 
originate from activation of minute amounts 
of impurities and corrosion products in the cir- 
culating water used as a reactor coolant. 
Ventilation air from the submarine hull and 
the supporting facility is continuously moni- 
tored at the exhaust stack. Liquid wastes are 
monitored before discharge to the Farmington 
River. Tables 8 and 9 give the average beta 
concentrations of airborne and liquid wastes 
before release to the environment. 





5 Summarized from “S1C Prototype Reactor Facility 
Environmental Monitoring Report, July 1 to December 
31, 1964” (CENRD-3163-RS-499). 


Table 8. Airborne beta activity, SIC July-December 1964 





Sampling locations Concentrations, pCi/m!* 





I eines ice anita een debi ai 46 
Onsite average 0.41 
Offsite average 0.53 








Table 9. Radioactivity in liquid wastes discharged into 
the Farmington River, S1C, July-December 1964 








Activity Quantity 

Total beta activity (millicuries) _................-.-..---- 9.2 
Average gross beta concentrations (pCi/liter):__...._..--- 2,100 
Di. obo (ues etek eewae Giekeem kadar 1,900 
ac a a ek eel 72 
ES RS OS eee rere 330 








Figure 5 shows the locations of 6 water sam- 
pling stations along the Farmington River and 
of 17 fallout monitoring stations. Comparisons 
of the data for upstream and downstream 
water and mud samples showed no significant 
difference from background during the period 
reported. A more detailed description of S1C 
Prototype Reactor Facility and its control 
measures is available in the September 1961 
issue of Radiological Health Data. 


Recent coverage in Radiological Health Data: 





Period Issue 
January—July 1961 March 1962 
July 1961-—June 1962 July 1963 
July 1963—December 1963 June 1964 
January—June 1964 April 1965 
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Figure 5. Environmental monitoring locations, S1C Prototype Site 


October 1965 
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